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PREFACE 


In any attempt to sohc the problem of human thought 
it is not cas} to avoid the influence of preconceptions 
and the tcndcnc) to accept certain assumptions \\ith 
undue indulgence ^\hi!e rejecting others v. llh exccssi\ e 
se\ entj 

Without prejudice in fa\ourofan) particular theorj 
the author has confined himself to the examination of 
various questions uhich he does not b) an) means claim 
to ha\c solved, but which he considers are capable of 
b^ing stated with some degree of precision in view of 
the scientific knowledge now at our disposal 

The ideal of science is the highest possible degree of 
unification, and it undoubtcdl) aims at the correlation 
of psychological facts with phjsiological mechanics, 
neglecting the subjecth e aspect of consciousness. This 
effort to attain unity, which, according to the profound 
views of Emile Mejerson, responds to the fundamental 
craving after unity inherent In the human mind, has an 
undeniable value in research Whatever certain theo- 
rists may assert to the contrary, neurophjsiology does 
undoubtedly often provide an adequate representation of 
the laws established by psychology, as will be seen in 
the course of the present work , the study of the func 
tions of the brain frequently supplies a satisfactory 
explanation of psychological phenomena In fact, we 
often pass from one form of representation — or rather, 
from one form of expression or language — to the other 
To these and similar advances made by science, 
beliefs will always adapt themselves If it is a material 
btic doctrine that seeks support from the new data, the 
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adaptation presents no difficulty. But even a spirit- 
ualistic creed, if free to remould certain articles of faith, 
could well accept the facts now established. There 
will always be a sufficient residue of the unknown for 
scientific facts to be accommodated to the various 
systems of beliefs , and in any case the mind can always 
take refuge in a transcendental idealism 

Moreover, the identification of the physiological with 
the mental can be readily admitted by an animistic 
vitalism which requires some underlying spiritual 
principle — a Life-Force, or something similar — as an 
explanation of life in all its manifestations. Meta- 
physical theory, however, is of small account m the 
single quest for scientific truth ; for this is the only 
possible basis of agreement among genuine inquirers , 
and by its means alone can our collective inhentance 
be enriched. It might, indeed, be claimed as the only 
‘truth,’ but that would be a gratuitous introduction of 
a new form of faith 


H. P. 



THOUGHT AND THE BRAIN 


Part I 

THE GENERAL CONCEPTION OF 
NEURO aiENTAL FUNCTIONING 

INTRODUCTION 

Some years ago our conception of cerebral mechanisms 
and of the functioning of the nervous system in general 
passed through an evolutionary crisis Then came the 
War, and the countless nervous lesions for which it 
was responsible, constituting a real physio-pathological 
experiment on a huge scale, with results whose in- 
ventory is not complete even today No mean body 
of knowledge is now at our disposal as to the function 
ing of the human nervous system In particular, every 
thing that concerns the reflex organization, the rdle of 
the sympathetic system or of the nervous conductors, 
is very much better understood But at first sight the 
same does not seem to be true of the cerebral functions, 
since contradictions appear to emerge from the fiacts 
ascertained On the one hand there is the view that 
cerebral localization can be determined and completed 
by the examination of stncUy limited lesions, involving 
well defined partial defects while on the other hand 
the fact that there are general disturbances which, what- 
ever the lesion, remain the same, and the absence of 
serious disturbances m spite of very considerable lesions, 
have once more cast doubts on the theory of localization 
Before examining more closely the data which have 
given nse to such contradictory tendencies, it is 
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necessary both to recall what the brain represents from 
the standpoint of comparative physiology, and^ also to 
ascertain the mam lines on which this organ functions 
from the standpoint of psycho-physiology. 

Very erroneous ideas are certainly still prevalent in 
these branches of science, especially as regards psycho- 
physiology among those who study the brain, and as 
regards ‘ cerebrology ’ among those who are concerned 
with psychological analysis. And to these false ideas 
are due the disagreement and contradiction on questions 
relating to cerebral function which seems so flagrant at 
the present time. 



Chapter I 


NERVOUS FUNCTIONING AND THE 
BRAIN 

Without dwelling on the ongins of the nervous 
apparatus' we may note that at an early stage of its 
differentiation, when It first constitutes a nervous 
‘system’ capable of ensuring individuality of behaviour 
in multicellular organisms, three kinds of cell elements 
appear receptive,* motor, and connective* By the 
morphological grouping of elements of the same cate- 
gory motor and connecting centres, also called centres 
of reflex activity, may be formed 

It IS the connective elements which truly characteriM 
nervous function at this level enter the extraneous 
dynamogenic or inhibitory influences, and here too the 
influence arises which can carry the activation or the 
inhibition elsewhere And it is these reciprocal in 
fluences, favourable or preventive, which produce the 
co-ordination involved in animal individuality 

This co-ordination is susceptible of degrees like the 
individuality to which it gives nse The sea urchin 
which UexkUll calls “a republic of reflexes has a 
co-ordination less definite than the star fish, in which 
we find that peculiar form of co-ordination with unequal 
powers known as subordination, though it is a sub- 
ordination still variable and momentary In such an 

^ On Ibe fint tildes of dcttoqb tiffertadndon, >ee G Ptikei i exceUent 
stndj Tk 4 EUwtnitry Ntrwmt SjnUm (Mooognphi on ExperlmcnUl 
Biology), 1919. 

* Ttie ccntnl lerep ll fe element mut be dini ng na bed from tbc t maJiy 
peripbenl necrane vhkb 1* a true receptor analogoaa to the aotde 

a reacting orgao^ 



nedro-mental functioning 

i. a tjtar With almost identical 

ar'in be the d.rcct.ng innucnce, and no 
arms, any arm ^ riower of 

longs at any ^ o-roatest sum of excitations, 

from the outside world the greatest sum u 

and thus possesses a higher dynamogeny. 

In an annelid worm the morphological «rangetnent 

fixes the directive power in a particular 

possesses sense organs 

Ltorand grasping organs and the mechanism of mast, 
cation and suction situated round the entranc 
digestive tube This is the cephalic region in which 
portant motor and sensory centres, and correlative con- 
necting centres are collected for the functions of these 
organs of movement and sensation. Thus tie rai 
has become a predominant organ, but its predomina 


varies greatly with the species. 

Without pausing to inquire into the various egrees 
of this cerebral pre-eminence, we will proceed at once 
to the most complex forms of the nervous system, m 
order to rediscover there the fundamental elements 
presented by the simplest forms, which correspond to 
reception, distribution and discharge. 

In the organization of a mammal we find on the 
onei hand receptor elements — besides the peripheral 
neurones of the spinal ganglia — grouped in the posterior 
horns of the spinal cord and in the bulbar nuclei , 
on the other hand we have motor elements m the 
anterior horns and the bulbar nuclei, all forming seg- 
mentary centres which fuse in a continuous column 
penetrating the skull; and' there, as part of the 
encephalon or of the brain in the broad sense, are 
found the receptor elements of the cutaneous surfaces 
and the deep regions of the head, and the motor ele- 
ments of the cephalic muscles. 

Between the receptor and motor elements there are 
connecting elements which form the reflex centres 
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If, in the case of man, the skin of the sole of the foot 
be rubbed with the head of a pin the toes flex The 
stimulus elaborated by the pcnpheral neurones located 
in the spinal ganglion Is transmitted to receptor elements 
situated in the posterior horns of the spinal cord at the 



Fio I The two earber diagranos of the elementary reflex. 

A. (Diagram of Ktbs Dtirtl In 1873) A tiocle nerre cell cocnecti the 
Kssary tnd motov end-oTt:ftna. 

B, (Dkgrun of current phyrlolocienl text boolu) Tbo itinniha rcceired by 

the Kiaaiy cell bi the poctedor ftx>t etngllm penetixta the poeteilar 
born cell of the t|fQal cord and la connected with the motor cell of the 
anterior bom cell. 

level of the first sacral segment, and then to the con 
necting element which form a reflex centre and are 
located in this lumbosacral region Hence a stimulus 
Is transmitted to the motor centres of the flexor muscles 
of the toes in the anterior homolateral horns of this 
same medullary level 

We are here dealing with a simple reflex, but there are 
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complex reQexes demanding the co-ordination of move- 
ments, such as the reflex of the decerebrate frog, which 
will use its foot to wipe a drop of acid from a spot on the 
skin In the case of man, after an upper medullary- 
section which IS physiologically adequate, a moderate 
stimulation of the sole of the foot will provoke the with 
drawal of the lower limb stimulated by the combined 
action of a whole group of muscles, and the extension of 
the lower limb on the other side; the outline of a 
co-ordinated walking movement is produced, ns, in the 
case of Sherrington’s * spinal * dog- — that is to say a dog 
whoso spinal cord alone was functioning — similar move- 
ments are produced by a medullary automatism under 
the influence of very vaned excitations. There is m the 
spinal cord a connecting centre of more complex action 
which may be called a coordination ctnirt This centre 
governs the inhibition and activation of a great number 
of muscles, in such a way as to bring about alternate 
harmonic movements It receives indications from the 
receptive centres, governs the individual activity of the 
various motor centres, and also acts on the elementary- 
connecting centres. 

In the upper regions of the cercbro-spinal axis there 
are analogous centres which govern the combined move- 
ments of the bead and eyes And it is the existence of 
these co-ordinating centres which is of primary import 
ance in nervous functioning, and particularly in cerebral 
functioning 

But before dealing with the brain, it is well to dis- 
tinguish a second charactenstic of nervous organlxation 
which renders it an organixation in levels, 

A rough comparison may help to explain this organ 
ization 

Imagine a commercial house or an agency containing 
a central offlee m which some of the employees are 
engaged in receiving telephone messages, each in 
communication -with a single extenor station, others 
in transmitting orders, each also in communication with 
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a single executive station ; and further, a number of 
persons appointed to carry out the orders, each in touch 
with several receivers and several employees \vho are 
transmitters only. Here we have an outline of the 
elementary form of nervous centralization. 

The service develops and complications arise ; to give 
orders it is sometimes necessary to consult the records, 
to take a large number of facts into account, and to delay 
or accelerate the execution of other orders. In some 
cases a very urgent response is necessary, a response 
which IS always the same and which requires no pre- 
liminary deliberation. The original office is retained, 
but higher floors are added, containing more receiving 
employees, transmitting employees, individuals charged 
with the elaboration of orders, and finally a particularly 
large number of employees to act as connecting agents. 
These put the chiefs into communication with one 
another, and, above all, see to it that each is in 
possession of any information likely to be of use to him, 
and make it their particular business to communicate 
as required the whole of the data collected by the 
receiving agents. Finally, they consult the records. 

Let us assume that there are four or five floors, the 
most complete organization is on the top, the inter- 
mediate floors being more or less analogous to the 
original office ^ 

When information arrives, it is received by an agent 
in the office below, who transmits it to a connecting 
agent of his office, and also to the receiving agent in 
the office above, who likewise sends it on until it 
reaches the highest floor 

Certain messages require a simple immediate response, 
indicated by the connecting agent below to his trans- 
mitting employees, but others necessitate a more com- 

^ The last stage is not merely a terminal receptor but a reactmg organ , for 
the whole of the nervous apparatus forms a cyclic system , if there is not 
occasionally a motor reaction, reflex or elaborated, there will at any rate be a 
mental and associative reaction with inhibitory consequences functionally 
eqmvalent to the motor impulses 
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p^cx cbbonition When ihc) rcich ihc conncciinp 
npent, V.I10 respond** nulomalicxli) and vrlthoul reflect 
inp, tills npent, in consequence of precnullons taken b) 
the innsmiUinpapcnL*! on the upper floors, Is prexcnlcd 
from communicannf* niih his own iransmittlnp agents. 
Tlic inhibition ma> bear upon Ins apparatus of com 
munication or upon the apparatus of the transmuting 
agents, or again it ma) affect the path of communicn 
tion, and this ma) be practical!) broken 

Tlic news IS transmuted upwards from floor to floor 
if the connecting elements of the Inlcrmcdiatc floors 
arc cquall) inhibited the order requlrtd b) this infer 
mationwill receive considerable clabonllon in the light 
of information alrcad) received at tlic same time or 
later, b) vanous receptive agents at the first station, 
and likewise communicated from floor to floor; and 
this order will then be communicated dircctl) this 
lime and wuhoul deta) ai ihc inicrmediaic floors, to 
the transmuting agents below who alone arc in com 
munication with tlie outside world 

We know. In fact, that ever) sensor) impulse must 
traverse a senes of neuronic rcla)S before reaching the 
cerebral cortex and there arc also cortical cells desenbed 
as motor, which arc particularl) voluminous (Bciz cells), 
these send their axis-c) Under b) thcp)ramidal tract to 
the direct motor neurones of the anterior horns of the 
spinal cord, without passing through an intermediate 
station 

The reflex responses which onglnatc at different 
levels cannot all be equally inhibit^ by the action of 
the higher centres Take the ease of a hot or even 
burning object touching the hand if, for reasons 
furnished by other sensory impressions or b) the 
associative evocation of mcmoncs or ideas the organ 
ism of the final stage decides that none the less the 
hand shall remain motionless, it w ill inhibit the regular 
Withdrawal reflex of a * spinal animal; but whether 
voluntary or not, there will aUvTi)5 be marked local 
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vaso-dilatation. If the stimulus is sufficiently painful 
owing to the influence of the reflex centre at the 
thalamic level, there will be a pupillary dilatation, a 
modification of blood pressure, and a whole series of 
visceral reactions These reactions would, however, 
generally be more intense if the reflex centre were 
completely separated from the top floor of the edifice, 
which exerts a constant moderating influence, even on 
the system known as the ‘vegetative life,’ and is in 
closer relation than we sometimes think with integrative 
action.^ 

We thus get an idea of the way in which the nervous 
system functions in the highest organisms, the cerebral 
hemispheres representing the higher floor, the inter- 
mediate brain and the middle brain corresponding to 
the other floors, and finally the lower station continuing 
along the length of the bulb and the spinal cord 

But in this rough outline a special place must be 
assigned to the agents which correspond to the co- 
ordinating elements and centres 

When complex actions occur, and when these re- 
sponses are produced frequently enough, the order is 
not directly communicated to the various interested 
transmitting agents, but passes, with suitable instruc- 
tions, by means of an employee specialized for the 
transmission of this particular order, and possessing 
an apparatus which he has already prepared and which 
allows him by pressing once upon a key to achieve the 
complete transmission automatically Thus, an order 
to look to the right will involve the intervention of 
co-ordinating agents m close connection with each 
other, and these will call into play the transmitting 

^ The general inhibitory and regulative action of the higher centres increases 
with the differentiation of the system and hence, in the dog and especially 
in man, we find a strong inhibition of gastric movements, psychical in origin 
This inhibition is very weak in the guinea-pig, though it is even revealed 
by decerebration , in the case of the tortoise, too, decerehration is followed 
by a slight acceleration of the movements of the stomach, but not so with the 
frog, where this inhibitory influence is lacking altogether 
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agents of certain muscles of the neck and of the eyes, 
in such a way that the head will turn towards the nght 
and both c>es will turn in the same direction This 
implies that the right internal muscle of the nght e>c 
must relax and the nght external muscle contract, while 
the nght external muscle of the left c)c will relax and 
the nght internal muscle contract with an intensity 
regulated by the stimulation of the retina caused by 
the mo\emcnt itself This inverse pby between the 
two pairs of antagonistic muscles of the two sides of 
the b^y is produced rapidly and accurately, thanks to 
the co-ordinating (oculodcxtrogync) agent for nght 
ocular movements, while a movement to the left will 
be ensured by another agent (oculolaevogyric) for left 
ocular movements. The independence of these two 
agents has been clearly shown by pathological research * 

A reflex order from the penultimate floor, a voluntary 
order elaborated by the higher administrative bureaux 
and creating a tendency to look to the right or the left, 
will only be executed by means of the indispensable 
co-ordinating agent 

The agents of ocular movement arc predetermined by 
the hereditary organization, In the structural plan, as 
it were, of mans nervous system But when fre- 
quently repeated movements become habitual new co- 
ordinating agents are established , so that a skilful 
cyclist when he feels in danger of falling to one side, 

* By in Injrmltwa computson, di Lipmocne and Cutonnet crplila the 
imoccnKnt of thli ippmtas u foIlowB t Consider the two eyc-bdli m two 

bones itUcbed to the suae omriigQ | the pole which squnuci them repre- 
seoti the mediiD pUne of the body ) each hone b (pdded by i rl{bt rdn and 
a left rdn (each rein repreteoU a nosde a dcttc and Its prfamiy nodens). 
Tbe rdo of each hone onHes with the richt rein of tl» other bone to 
consUtsta the mm moo right rein held by the right hand of the coadnnao | 
the lame b tnu for the two )eft reios onlUng In a coamon IcA rdn Ki»Vj by 
the left band of tbe coachman. The right hand of the coachman b the co- 
ordinating ceotra for right ocalar morementi (for It cootroli tbe peripbcral 
apparatoi, tbe right rcfan, which direct the two bones to the right) t hb left 
hand b the co-ordlnatutg centre for left ocolar moremetUs (S/onw/ 
mturtUgU foibdrt pp. 4^-43). 
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rights himself through the intervention of co-ordinating 
agents which, as soon as they arc warned, will at once 
bring about the movements of the arms necessary to 
balance the machine. Moreover, when the movements 
necessary for a given receptive reaction arc constantly 
repeated in the same form, the reaction becomes a reflex 
and can be effected at an intermediate stage without 
reference to the superior service. There is a shortening 
of the paths, and certain reactions will still be possible 
even when an accident has prevented the reception at 
the last stage. This is an important point, and it 
enables us to explain certain rather perplexing facts of 
cerebral physiology, as we shall sec somewhat later. 

Let us now, while keeping closely in touch with 
physiological data, try to determine the main lines of 
the functioning of the upper level, in so far as we can 
know anything of it, whether by introspection or more 
especially by such objective information as can be 
obtained, thanks to language, from the examination 
both of normal men and of those affected by various 
cerebral disturbances 



Chapter 11 


MENTAL FUNCTIONING AND THE 
BRAIN 

The excitation of a peripheral sensory apparatus, a 
tactile corpuscle for example, provokes a particular 
sensation, and no other stimulus, even that of an 
analogous corpuscle dlfierently situated, will give the 
same sensation Similarly, the appearance of a light 
whose image U thrown on a particular point of the 
retina will give a particular sensation, while an analogous 
excitation of any other part of the body will either give 
no sensation at all or one that is analogous but not 
identical — as in the case of the excitation of another 
retinal area. 

Each peripheral sensory apparatus gives nse to 
special sensations , It can produce not one land of 
sensation only— differing in intensity alone — but several , 
in one point of the retina, for example, exatations may 
arise capable of producing various sensations of colour 
Each penpheral apparatus, tactile corpuscle, retinal 
rod or cone, olfactory glomerulus, etc. is in connection 
with one or several cortical cells like so many bells that 
can respond by a single sound, which is the specific 
sensation If we can bnng these terminal cells into 
play by any process other than the normal physiological 
process, by electrical stimulation of the nerve fibres 
which connect them with the penpheral apparatus, or 
by direct excitation— electncsl stimulation of the cortex, 
mechanical shock, chemical imtation, etc, — we shall 
cause the bells to ring and shall evoke the specific 
sensations of the cortical elements stimulated Many 
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facts may be .uldiuid tn support <if tbi!. spcrifinly of 
cortical rcspoijsf*'’, to uhah j. Mtilbr**. dof'trini’ of the 
specific cncrfjN of tin n«r\<‘s ma) bi rffbu rd. 

Tlic sensation aronsitl is anonipanud more or less 
definitely In an afiMtivc im pn ssion, n;,^r< i ibli* or dis- 
ap^reeable, whicli m.i) assum* tin inorr t'■)mpUK appear- 
ance of an emotion stub as fiar or angi r, linlid to 
multipb' reactions atul in (nrtinilar to a form of motor 
behaviour, oscillating^ belucen tin luo poles of flight 
and aggression. 

This alTt'Ctn e repercussion sm ms to take place at tlie 
penultimate stage of ih<‘ tiers ous s\st<m and governs 
complicated refleses or instinetne reactions 

Normally, however, aficctne impnssions are con- 
trolled b)' groups of sensations v. hirb constitute per- 
ceptions • chromatic sensations, of a red tonality, 
arranged in a certain manner and distributed so that 
they correspond to rounded forms, provoke the per- 
ception of a cherry To perceK e a cherr) is to recognire 
It, the perception intohcs mnemonic data Jt is 
because the sensory group has already occurred se\eral 
times and has been followed by \arious e\ents, them- 
selves the object of sensations, that the reappearance of 
this group, which tends to re-awaken the memory of 
the same events, the reproduction of the same acts, is 
recognized. Conversely, the image of the cherry could 
itself be evoked by the perception or the memory of 
subsequent events (for example the fact of eating the 
cherry and spitting out the stone) 

The image of the cherry acquires at the same time, by 
the repetition of experiences, an ever greater evocative 
power and an ever easier evocability This fact of 
perception provides the key to the phenomena of 
memory. 

Memory, in fact, is nothing but the reinforcement 
and facilitation of the passage of the nervous impulse 
along certain paths 

To recall a sensation is to make use of a beaten path 
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conducting a cerebral nervous impulse to a cortical 
sensory bell, which is made to sound without waiting 
for the intervention of an external stimulus , the 
elementary sensory image does not differ from the 
sensation, save in the manner in which It Is provoked, 
and generally in intensU>, which is much less except 
when toxic irritation or inflammation augments the 
response of the specific bell and renders it patho- 
logically hyper-excitable 

The complex imago of the object will not differ 
essentially from the perceptive grouping the ele- 
mentary sensations— ^r at least some of them — will be 
called up simultaneously or successively under the con 
ditions and in the order In which this natural evocation 
by adequate external stimuli has become habitual , and 
from the evocation and revival of this group wiU arise 
impulses evocative of other groups and other images 
by mnemonic action, according to the paths involved 

Memory does not reside In ^e Image considered as a 
static whole, but In the dynamic power of reconstituting 
the perception, whose elements are nothing but sensa- 
tions, revived and aroused by a stimulus of central 
ongin in place of the habitual peripheral excitation, 
and equally capable of being provoked by an artificial 
electrical stimulus, If we could limit thip stimulus to the 
required cortical cells. 

The play of sensations, since it involves the repetition 
of numerous expenences, involves also the formation of 
femlHar association paths by the application of a general 
law of neurophysiology, of which memory represents 
only one particular case 

When one perception has just been produced — that 
of a cherry for example — these association paths lead 
to evocations of sensations or rather groups of sensa- 
tions, that is to say of images, and lead also to reactions 
which are cxindiUoned not only by mnemonic facilitation 
as in the case of reflexes, but by variable influences 
These influences arrive from various groups of sensa 
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tions perceived simullaneousl} , and in p.irlinilar internal 
sensations constitulinir t oencstliesia tiuy also arrive 
from affecti\e impressions endov ed with a motor power 
so that they arc often ronfusid with tendmuies, that is 
to say wMth the outline of the n action which they control, 
and these aflectivc impressions pla} an important part 
from the point of Mew of the liberation of reacti\e 
nervous cncrc^y. 

The sight of the cherry, when the organism is in a 
given condition, will provoke an intense emotion, which 
appears as an impulse, a desire, and with the aid of 
abundant associ.itive stimuli it will produce actions 
calculated to satisfy this desire. The desired actions 
will be realized by means of impulses coming from 
cortical incitor elements The functioning of these 
nervous elements, which gi'c rise to movements by 
means of motor elements proper, or of subordinate 
co-ordmating centres at a lower Ie\el, to which suitable 
orders wall be supplied, wall reappear subjectively as a 
peculiar impression, an impression of volition linked 
with their activity. 

If, as in an experiment which has been recorded,^ we 
provoke the functioning of these cortical elements by 
electrical stimulation — replacing the nervous impulse of 
central origin — in a conscious subject w'hose brain is 
exposed, he will imagine that he is himself directing 
the movement, though, in fact, it is beyond his control. 

In general a volitional act does not imply the simple 
contraction of an isolated muscle, and the incitation of 
an elementary group of medullary motor cells . there 
is a group of simultaneous and successive contractions, 

I 

^ Cf Harvey Cushing, “A Note upon the Faradic Stimulation of the 
Postcentral Gyrus in Conscious Patients,” Bratn, XXXII , i, I909 j P 44* 
Observations made on a hoy of 15 who was aware of the movements provoked 
by direct electrical stimulation of the cortex, and had a feeling that these 
movements were produced hy him in response to peripheral stimulation , he 
had a sensation of active muscular contraction, altogether different from that 
accompanying a contraction caused by electrical sbmulation of the motor 
nerve 
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whose arrangement and order are determined by the 
bnnging into play of the appropriate incltor elements. 

Here too memory intervenes — In the form generally 
known as habit — gradually facilitating by repetition 
the functional evocation of volitions In the arrangement 
and order which correspond to the reallration of the 
complex act 

The question may be raised whether each of the 
cortical incitor elements, the volitional elements, is in 
connection, by means of the motor medullary agent, 
with a given muscle , or whether they are co-ordinating 
elements whose Indtation is complex, each ensuring 
the contraction of certain muscles and the relaxation 
of certain others by a single action, in such a way as 
to secure the realization of some movement, such as 
the closing of the fist, or at any rate the flexing of the 
fingers Since we find that even the movements of 
walking are controlled by the medullary co-ordination 
centres, it may be assumed that movements — or at 
any rate simple movements — are ‘willed by single 
cortical elements In fact we cannot dissociate at will 
the play of certain muscles The centres of the cortex 
which we call ‘motor’ are In reality elementary co- 
ordinating centres 

But in actions which are somewhat complex, the 
indtor elements themselves must behave according to 
a certain arrangement and In a certain order 

In the case of really complicated actions, very fre- 
quently repeated, may not some part be play^ by 
special co-ordinating centres themselves capable of 
indting the inciting centres, according to a fixpd 
schema exemplified by the lower stages? There is 
no doubt that this docs, in fact, occur For speech, 
wnting, musical execution, for every complex opera 
tion of a motor apparatus intended to produce precise 
actions that could be the object of a single volition 
such as the pronounang or wnting of a word, the 
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suppose that there are central relay; stations where, for 
a given volition, a corresponding intermediary will be 
responsible for bringing the cortical incitor elements 
into play at a single stroke, by means of a sort of 
switch-board prepared in advance and corresponding 
to the motor set. These are the dynamic sets which 
are realized by the co-ordinating centres and are gener- 
ally called motor images — an ambiguous term that lends 
Itself to endless confusion. We shall have to return to 
these points 

The co-ordination centre is a station which, at the 
entrance of the incito-motor area of the cortex, receives 
certain familiar associative orders that are difficult to 
execute, and ensures their rapid and exact performance. 
It IS probable that similar intermediary agents are also to 
be found for the centres we call sensory, whose function 
IS to arouse associative reactions rather than automatic 
reflexes, and which may be called ‘ mcito-associative.’ 

We may note that certain perceptions and certain 
images acquire, by repetition and use, an exceptional 
practical value and evocative power. These are 
symbols,’ and they may be substituted for a great 
number of particular images which they can replace 
through their associative power, for the provocation 
of other images or oppropriate reactions 

Consider hieroglyphic symbols and printed signs in 
black on white, such as are perceived in reading this 
page These signs, though very similar, may yet have 
very different evocative power ; and if this power irradi- 
ated directly from the cortical receptive elements it would 

entail an immense complication and entanglement of 
tracts 

In reality, this grouping of sensations which corre- 
sponds to a written image, to the image of a word, will 
in the case of an educated man who has read and thought 
much, come into contact, in an intermediate centre, with 
a single relay element, by which the evocative irradi- 
ations will be produced 
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Such a centre acts as a coordination centre, which, 
for those schemata to which it is adapted, responds 
immediately by definite associations ; that is to say, 
opens the assoaation paths peculiar to each schema, 
and certain of these tracts lead to incUo motor centres 

For example, if I hear the \iord cherry, this complex 
auditory impression is transmitted to a co-ordination 
centre of the auditory schemata, here, a syntonised 
agent representing the cherry schema will establish, 
among o^er multiple connections, the junction with an 
agent, or schema, of the \erbal co-ordinating centre or 
word activating centre ; and this again will bring into 
plaj a vocal group reproduang in speech the word 
which has been heard 

Thus, on the one hand, sensory impressions terminate 
in cortical centres, where they produce varied associative 
inatations by means — in the case of those which come 
from common objects— of coKirdination centres which 
come into play as soon as the sensory group correspond 
mg to such an object has been perceived , and on the 
other hand, among the associations evoked tliere are 
some which end, with comparative directness, m pro- 
voking movements by the involvement of the incito- 
motor centres. In every-day actions, this is accom 
plished by means ef co-ordinating centres which ensure 
the execution of the required act as soon as they are 
activated by an associative impulse terminating there 

Between these two stages occur all the intncacies of 
‘ thought 

In what does this consist? 

There can be no question here of magnifying and 
examining the difficult and complex problem of Thought 
under the microscope of the interest that we bring to it, 
for we should soon be irretrievably lost m the maze , m 
order to connect this function with its organ we must 
look at It from a sufficient distance to be aware only of 
Its main lines. Moreover, it Is necessary to distinguish 
elementary forms of thought, as we recognize them in 
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the higher animals, from complex forms or symbolic 
thought, elaborated by a long process of social evolution. 

In Its elementary form, thought represents nothing 
more than the successive evocation, by the action of 
mnemonic machinery, of sensory impressions revived 
with relative incompleteness — images such as we have 
defined. The orientation of the evocative associations 
is constantly governed by a group of factors which 
include past experience, with its reinforcement of 
habitual tracts , present experience, with its totality or 
sensory data from which a resultant drive emerges , 
above all, the affective state, with its system of alert 
tendencies , and finally, the organic state itself, with its 
circulatory, metabolic or other characteristics, capable 
of favouring or opposing progress along certain cerebral 
tracts. 

Into the influence of past experience enters the 
mechanism of symbolic thought, the contribution of 
social education , language is the principal form of 
symbolization, and it allows us to sum up and con- 
dense the results obtained by the thought of successive 
generations, and even to direct, according to imperative 
rules — especially the rules of logic and morality — the 
play of individual association. 

The appearance of symbolism renders the sensory 
basis of thought much less apparent, for the attention 
is concerned with the evocative power of the symbol 
much more than by the sensory form in which it is 
evoked, which is of secondary importance, whether it 
be purely visual, auditory, or kinesthetic, or mixed. 
But can the sensory basis be completely lacking? The 
problem has given rise to much controversy, and the 
discussion of ‘ imageless thought ’ is not yet closed. 
We will return to this interesting question, but first we 
must indicate the significance of the idea of a co-ordina- 
tion centre in the physiological interpretation of the 
mechanism of language. 

The very use of language implies the development of 
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co-ordinaUon centres which, though doubtless partly pre 
pared by hereditary transmission in our old-established 
civihiations, are developed by individual education 
auditory co-ordination centres and, when education is 
complete, visual (or tactile among the blind) on the 
sensory side j vocal, or (in deaf mutes) mimicry, co- 
ordination centres, and, when education is complete, 
graphic centres, on the incito-motor side 
The idle of the co-ordination centres becomes pre- 
dominant with the play of symbols whose mutual 
evocation constitutes abstract thought} in abstract 
thought the evocation does not necessarily lead to the 
images which give a meaning to the symbols Each 
symbol has an evocative capacity for images which is 
more extensive, but also less exact, according as the 
symbol, the concept, is more abstract and general the 
outline of the evocation, of whose facility we are in- 
formed by special feelings, will be sufficient. Further- 
more, there are even symbols of symbols, evocative of 
images only in the second degree, by means of primary 
stations of the co-ordination centres 

Great individual differences naturally appear in these 
forms of complex thoughts, both as regards the evoca 
tjon of Images and the mere Interplay of symbolic 
associations In the latter case, they vary according 
to the predominance of the auditory, visual, or some- 
times tactile, symbols or even of motor schemata often 
accompanied by the beginnings of motor realization, 
which produce corresponding sensations 

One person will think especially with the co-ordina 
tlon centres of visual imagery, elementary co-ordination 
centres for the vision of objects verbal co-ordination 
centres in the case of reading, and will make more 
frequent appeal to concrete images which he will call 
up and place and which will help him in his intellectual 
activity , another will ‘ think aloud in so far as motor 
assistance is necessary to him , yet another will hear 
his internal thought as a conversation, using only 
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auditory verbal images which arise at the call of the 
co-ordination centres. 

The thought of the painter, the musician, the geo- 
metrician, the tradesman, and the philosopher may take 
very different forms ; still more so the thought of the 
uncultivated man, which remains rudimentary and 
revolves for ever in the same circles 

Thought is dynamic and associative. And it is clear, 
too, that the exercise of thought requires numerous 
association paths, which are more numerous according 
as it is more fertile, linking up, with various relay 
elements and shunts, the receptive stations, the incito- 
motor stations, and their co-ordination centres, and, in 
particular, linking the numerous agents of these stations 
in an infinite number of ways. 

And we see, in fact, that the progress of intelligence 
among the vertebrates runs parallel with the develop- 
ment of the association paths Even if we rule out 
everything to do with the receptive and incito-motor 
stations, which require a greater number of agents in 
proportion as the body, with its surfaces of reception 
or of reaction, increases in size, we find that there 
remains in the various animal species a part of the 
brain which is properly associative — independent of 
the animal’s size and very characteristic of the intellectual 
level of the species 

And even among the invertebrates we can discover 
in the higher species, especially the Cephalopoda and 
social Hymenoptera, important nervous areas which 
serve neither for reception nor motor incitation, that is 
to say projection, nor even as simple synapses , and 
these, being situated at a higher level and replete with 
complex association paths, should make possible' some 
form of thought, such as is indicated by the marked 
capacity of the species in question (devil-fish, bee, or 
ant, for example) to profit by experience and to adapt 
its behaviour to circumstances 



Chapter III 


THE PROBLEM OF LOCALIZATION 

Can we regard the nervous apparatus of the cerebral 
cortex, which constitutes the highest stage of the 
directive system of the organism, as undinerentiated 
to such a degree that a lesion, wherever it occurred, 
would only diminish Its functional capacity as a whole , 
and, in proportion to the extent of the injury, would 
involve a constant succession of disturbances disappear- 
ing in a precisely inverse order with the progress of 
recovery? Or should we rather expect to find in the 
vanous regions of the cortex individualued centres 
grouped in departments with well-defined functions, and 
endeavour to localize memory, intelligence, attention, 
morality, {esthetics, loyalty, musical talent, or aptitude 
for mathematics? 

Neither of these extreme positions is in agreement 
with the facts of cerebral onatomico-physiology or with 
the conditions of nervous and mental functioning Let 
us start from a study of these conditions, and note 
roughly what we can learn from the fects, and particularly 
what we owe to wax pathology and first of all, let 
us examine what wc know of local differentiation of the 
incito-associative receptive function, of the incito-motor 
reactive function and of the co-ordinative functions, 
before penetrating into the mazes of the associative 
functions and the complexities of thought, 

I Inato-AssocuUtvt Reetptor Ctntrts 

Expenments on the higher vertebrates on highly 
evolved mammals, dogs, cats and monkeys, have given 
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evidence of regions in the cerebral cortex which are 
affected by the reception of various kinds of sensations , 
an ablation of the occipital area renders the animals 
blind, a double temporal ablation renders them deaf 
Their behaviour is no longer modified by visual ex- 
perience in one case or of auditory experience in the 

other , 

These localizations did, it is true, receive a rude 

shock when it was noticed that an animal trained to 

react in a certain way to a given noise could still do so 

correctly after the extirpation of the auditory cortical 

areas, and that it can still even be trained to take 

Its food at an auditory signal. But Kahschers^ 

experiments on the dog were repeated after a more 

complete destruction of the cortical areas, and under 

more rigid experimental conditions, with precisely 

opposite results ^ 

In mammals with a more rudimentary nervous system, 
such as rats, it certainly seems that habits acquired on 
a sensory basis could be effectively realized in the 
absence of the greater part of the cerebral cortex, and 
in particular, after the ablation of the areas regarded 
as receptive ^ 

The development of centralization, which is correlated 
with cerebral evolution, does not allow the inference 
from a particular functional distribution in a given 
animal species to the same distribution in a different 
species. 

The part played by the first relay centres, along the 
receptive tracts, is the more important according as the 
terminal station is less developed This terminal station, 
in mammals, extends into the covering of the telencepha- 

^ ‘ ‘ Zur Funkhon des Schlafenlappens des Grosshirns,” Sitzungsber , der K 
Ak dtr IVtss Berlin, 1907, p 204 Cf also Arch fur Phys , 1909, p 3°3 

® Cf Rothmann, “ Uber die Ergebmsse der Horprlifung an dressierten 
HunA&n," Arch ftir Physiol , 1908, p 107 

^ Cf K. S Lashley, “Studies of Cerebral Function in Learning,” Psycho- 
biology, 1920, II, pp 55 13s (Researches of S I Franz and Lashley Cf 
Psychobiology, 1917, I, pp 3-18 and 71-134) 
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Ion, the cerebral cortex of the hemispheres folded and 
convoluted to occupy the greatest possible surface in the 
cranial box, and in the birds it reaches as far as the 
tclencephalic floor m the stnate body ' It must not be 
forgotten that most fishes ha\e, property speaking, no 
cerebral cortex, and that their more simple behaviour 
IS governed altogether by the first receptive stations 
although no fundamental difference separates them from 
the vertebrates ^\hich possess a cortex 

The functioning of the relay centres is inhibited to a 
great extent by the action of the icrmina) station, which 
IS in constant relation with them , but they always retain 
a certain autonomy, even In the higher mammals, and 
in man 

Thus the closing of the eyelids under the sudden 
influence of a bnght light can still occur in the case of 
a cat or a dog deprived of its entire cerebral cortex, or 
only of the occipital area that serves for visual recep- 
tion ,• but the general behaviour of the organism is not 
influenced by the light* There is real blindness (Dusser 
do Barenne) 

In man, this dissociation of the reflex function and 
of the associative function in connection with sensory 
reception is evident, if not in the case of the dazzle reflex 
controlled by the terminal station at least in the case 
of pupillary contraction occasioned by light. When an 
occipital lesion has caused total blindness but the sub- 
cortical centres have not themselves been injured either 
directly or indirectly, we find that the pupillary reflex 

^ G K jUUch fT Z>As CrfoHrm dtr iu tnaimUdur loef 

1905 (Anbuic ta den Abh. der kiSo. At der 

tVlnenscli.) 

• Wben only the Tiioil ccnrtml are* Is sbseot, the dsnle reflex nay 
be bekiiig (MlDbcmkl) thoeefa oot when the dec ei ebtstion Is more complete, 
I»OTlded the «l>-coTtiaJ centres are rmtooched. This Is t, 

»e shall Uter tare ocrxskc to otserw IotoItcs dUtarbiog ftmctiotisl fan- 
h s Ttnc es, srd the hobeknoe Is laore narked b » pertlsl bjnry to the inpertoc 
centre thsn b hs loppraiioo u a whole {tf I>n*« de Bsrenne, Recherches 
ftipiilujentsles m la fooctkna dn lyiteme n ti re ox centrxl, Arti. nitrL 
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persists, which is a sign of the integrity— or at any 
rate the relative integrity — of the retina and the optic 
tracts. 

Such pathological data are of vital importance for the 
study of the human brain. Owing to the considerable 
differences in the degree of functional centralization 
found in the other species, experimental physiology is 
unable to settle the problem of functional localization 
in the cortex, even for sensory receptions. Pathology, 
with its unprepared experiments, must provide almost 
all the necessary data, though anatomy offers some assist- 
ance, in tracing the course of the connecting tracts. 

Pathology has confirmed the experiments on mam- 
mals, and shows that the reception of cutaneous and 
kinesthetic sensibility for the entire body takes place 
in the ascending parietal convolution just behind the 
fissure of Rolando, that the reception of auditop^ 
sensations takes place in the temporal lobe, and finally 
that the reception of visual sensations is accomplished 
in the occipital lobe ^ 

Lesions of the brain due to bullets and bursting 
shells during the War have confirmed these data and 
increased their accuracy ; but they do not seem to have 
furnished clear information in the matter of gustatory 
and olfactory sensations, to which little attention has 
been devoted, and whose probable seat lies in regions 
less exposed to limited lesions compatible with sur- 
vival , nor have they provided any useful information 
as regards auditory localization. In fact, each peri- 
pheral auditory system appears to be connected with 
both cerebral hemispheres, so that a lesion limited to 
one hemisphere of the receptive area does not involve 
deafness, since the other hemisphere continues to ensure 
the auditory sensitivity of both ears A destruction of 
both temporal auditory areas is necessary in order to 

^ The cortical centre of vision was discovered by Panizza in 1856, and is 
one of the many notable achievements of Italian physiology, to which we 
one so much of our knowledge of nervous functions 
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bring about immediate deafness in fact cortical deaf- 
ness of one ear only is unknown 
When we turn to vision matters are somewhat dif- 
ferent The two right hemi rctiwe which ensure the 
vision of the left part of the field are in connection with 
the right hemisphere, and the two left hemi retime 
with the left hemisphere. The destruction of a recep- 
tive centre, right or left, Involves hemianopsia, blind 
ness limited to the left or right field of vision ‘ 

But the war lesions added greatly to our knowledge 
of the exact topography of the visual centres, which 
were very often injured, sometimes in a very small area, 
by a tiny shell splinter, for example 

It has been definitely established that the two hemi 
retincB are supenmpos^ by parallel projection on the 
surfece of the occipital visual area which surrounds the 
calcanne fissure, so that a partial destruction m this 
region of the cortex involves a corresponding binocular 
scotoma in the visual field for all forms of sensibility to 
light and colour The situation and size of this gap is 
determined by the seat and extent of the injury 

We shall return later to these facts, which provide 
an excellent example of the precision with which the 
projections of the sensory peripheral surfaces can be 
localixed in the receptive station of the cortex 
As regards the centres of cutaneous and deep sensi 
blhty which are the chief object of controversy, the war 
cases also provide iraportantdata. The pnncipal results 
can be stated, and they agree with certain recent ten 
dendes and with numerous facts already established, 
as we shall see in greater detail in Part II 
The cutaneous surface, like the retinal surface, is 
projected on the cerebral cortex, this time along the 
ascending panetal convolution behind the fissure of 
Rolando Each half of the body 13 found on the 
opposite hemisphere, the lower limb above and the 

1 Hemiuicrpria wm* da co Taed by Maak »n<l aUo Indepeodcntly In 1879 
by Locknl and TtmbnrinL 
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cephalic region below. The cortical area occupied by 
a cutaneous surface vanes in si/c with the sensibility 
of this surface, that is to say there is a greater density 
of peripheral arrangements, of inncrv'-ation fibres ; thus 
the hand occupies a considerable area, and is therefore 
more easily alTected. There are also topographical 
groupings, two of which are for the limbs and are quite 
distinct though contiguous, roughly representing two 



Fig 3 Lateral surface of the left hemisphere (Debierre) 


S Sylvian fissure R Fissure of Rolando F Frontal lobe (convolutions 
F^, F® and F^) A f Ascending frontal (or pre-Rolandic or first central 
or antero central convolution) A. p Ascending parietal (or post-Rolandic 
or second central or central posterior convolution) P Parietal lobe 
(convolutions P^ and P^) O Occipital lobe (convolutions O^, O® and 
O®) T Temporal lobe (convolutions T®, T® and T®) A g Angular 
gyrus 

longitudinal halves. In particular the representation 
of a half-hand, the thumb and index side, is found to 
be distinct from that of the other half, the ulnar side, 
the localization for each being at a different level, along 
the fissure. 

Deep sensibility, particularly kinesthetic sensibility, 
is in juxtaposition with the forms of cutaneous sensibility 
for each region of the body, the sensibility of the half- 
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hands to movements being In the same area as the 
various cutaneous sensibilities (temperature and touch) , 
they are not situated, as has been claimed, m the motor 
area. 

Certain facts have, however, suggested that the deeper 
sensations may be located elsewhere, in the parietal 
region and lesions of the parietal lobe do, in fact, 
often involve disturbances of deep sensibility But 



C.e. Corpu dllofQm (hitab«mltpbaic cmmlasiDT) Lc l&temAl apnle. 

this is an error of the same order as the location of these 
sensibilities further in front of the cutaneous area, in 
the ascending frontal, which is a motor region 
To understand how this error arose we must recall 
the nature of the disturbances which can result from 
cerebral lesions These are of three types they may 
consist in on irritation (the beginning of on inflammatory 
process, for example) and involve hallucinatoty pro- 
cesses in the sensory centres and exaggerated reactions 
to slight irritations, usually accompanied by disturb- 
ances of perception j or they may involve destruction 
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with complete functional suppression, limited to the 
area destroyed, involvinij for examplf tot.d and definitive 
hemianopsic blindness; or finally, tlu ) ma) r( present 
afunctional inhibition, a constraint producinc: suppres- 
sion, which IS generally incomplete but of diffuse 
boundaries and rather widespread, 'i’his disturbance, 
which IS often found in cases of shorlc, usuall) com- 
plicates the localized destruction and seems to increase 
its territory. 

A destructive lesion of the motor area in the first 
central convolution or the ascending frontal is accom- 
panied by a disturbance that may suppress functions in 
the neighbouring convolution, particularly in the second 
central (or ascending parietal) ; and this is equally true 
for lesions of the parietal lobe 

In the same way a very limited destructive lesion of 
the receptive area of cutaneous and deep sensibility 
often involves a generalized hemianrcsthcsia vliich 
gradually decreases But in tliesc cases the various 
sensibilities may be unequally excited, and this dis- 
sociation, which may assume very diverse forms, is 
responsible for the idea that there is a different topog- 
raphy for the centres of these sensibilities. 

In reality the disorders are rendered diffuse by the 
reverberation of comparatively distant destructive lesions 
which may be insignificant , total functional suppression 
then rarely occurs and the rate at which it more or less 
completely disappears varies with the distance between 
the area affected and the area directly injured. There 
are varied hypoeesthesias, but certain forms of sensi- 
bility are generally more susceptible. Thus colour 
vision, or chromatic sensibility, is always suppressed 
more quickly than light vision, and is the last to return. 

The mechanism of this distant reverberation from a 
central lesion cannot be accurately determined, and 
IS certainly very complex ; mechanical, inflammatory, 
chemical and vascular phenomena may be involved in 
varying degrees according to the nature of the lesion 
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(tumour, cyst, hmmorrhagc, softening due to the obli- 
teration of nutritive vessels, inflammation of bacterial 
origin, laceration, etc,) But, in addition, the functional 
suppression or the acute imtaiion of a group of neurones 
mayhaveconsiderable effect on relatively distant neurones 
which are in habitual connection with them A functional 
imbalance may occur, and its reverberations may be very 
widespread 

Von Monakow attnbuted special importance to this 
idea and bestowed on it a somewhat unfortunate name, 
which IS repellant rather than evocative he called this 
functional imbalance of the whole, by a partial disturb- 
ance, a “ diaschisis * By this he means a well marked 
syndrome closely related to shock, and representing a 
sort of local struggle for the maintenance of a disturbed 
function, with transmission of the disturbance to an 
element of this complex it would be ebaractenzed 
especially by temporary paralysis due to the absence of 
an habitual stimulus (negative inhibition) 

If Its ordinary relations with one of these connected 
stations— especially a higher station upon whose orders 
u IS accustomed to depend — no longer persists, a relay 
centre, for example, will remain disturbed for a long 
time, and will no longer fulfil even the functions for 
which it IS autonomous ‘ 

The general phenomenon of reverberation at a distance 
IS one of the most important causes of error in attempts 
at functional nervous localization, and explains many 
contradictions. The return of vision after complete 
blindness through occipital lesion or of motor power 
after total hemiplegia, interpreted as a proof cither of 
substitution or of functional recovery, in spite of the 
destruction of the corresponding centres really indicates 
a temporary disturbance without genuine destruction 
1 Von Moc*kow DU iMalitstmt im Grtstktm 1914,— R. ilompm, 
La nedoo de di aac J iit e et lo protlfanc de 1 inJutlon de U fouction dfnt 
l®aTre de lionakow L, ijai 3. — P Ladatoe, Le# Localia 

tlom cerftamla* d apri» Monakow ** ^rvtu NatnUfipu 1919 XXVI 
PP 5>-4o. 
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Another difficulty lies in the exact determination of 
the seat and the extent of the lesion • landmarks are 
necessary and the morphological variability of the 
brain, in man at any rate, is considerable. On the 
other hand, the morphological aspect with which we 
have long been content has no true significance. For 
It must not be supposed that the distribution of the 
centres is occasioned by the situation of the convolutions 
and sulci that characterize the cortical folding of the 
cerebral hemispheres contained in the cranial box. In 
fact cerebral architectonics, the histological study of the 
structure of the layers of the cortex,^ has established the 
fact that the functional areas corrrespond to the presence 
of certain arrangements of cells ; and these functional 
areas have proved capable of considerable individual 
variation. 

Elliot Smith’s area si/iata, which constitutes the visual 
receptive area, has not always precisely the same limits 
in relation to the convolutions, the more so as the fold 
Itself also varies somewhat in spite of the persistence of 
the same general design. 

The receptive area of the ascending parietal includes 
the pyramidal cells in deep and intermediate layers 
in which the sensory tracts end, and which repre- 
sent particular bells set in motion by the peripheral 
excitations, resulting in associative reactions in the 
form of specific sensations. This area sometimes 
encroaches upon the ascending frontal in front of the 
fissure of Rolando, and encroaches constantly on the 
area of the parietal lobe. 

It IS therefore difficult to fix the exact limits of these 
centres from pathological data , particularly in war 
pathology, where a direct examination of the damaged 
areas after an autopsy was scarcely ever possible. The 

^ “La carte de l’6corce c 4 r 6 brale,’* by J Nageotte {Revue dtt tnois 
VIII, no 87, 1913, pp 273-301), luad and accurate in general arrangement 
and the work of an histologist who is a biologist in the broad sense, may be 
profitably consulted 
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destructive path was reconstructed and the seat of the 
lesion indicated by reference to the extenlal point at 
which the projectile entered, and especially by radio- 
logical determination in two planes of the location of 
the bullet or piece of shell In the brain , and the method 
adopted gave excellent results 

lliough hy this means we can obtain coincidences, 
whose value lies in their repetition, between definite 
disturbances and the seats of given lesions it is quite 
certain that negative cases, in the absence of a micro- 
scopic examination to determine the exact seat and 
extent of the lesion, can have no significance, though 
they arc invanably regarded as important, and some- 
times as more important than positive observations 


a Inatc-motor Ctnirts 

Our knowledge of the region in which the orders 
that govern the voluntary motor reactions originate 
was already well advanced when it was supplemented 
by the contributions of war pathology The existing 
data were fully confirmed and no new facts emerged 
to contradict the established localizations The incito- 
motor centres characterized by the presence of giant 
pyramidal cells (Betz cells), volitional elements in con 
nection w^ the motor agents of the spinal cord, are 
arranged in layers along the first central or ascending 
frontal, in front of the fissure of Rolando, so that from 
one side of the fissure to the other the receptive area 
and the motor area are in exact correspondence. Thus 
a destructive lesion, which bndges the fissure, involves 
complete amesthesla and functional paralysis for the 
same part of the hmbs on the other side of the body 
(for example, the hand and even half the hand) allow 
ing for any disturbances, less complete and more diffuse 
due to functional reverberation from the destructive 
lesion 

But we must also take Into account the fact that 

c 
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cortical paralysis — more or less complete hemiplegia — 
involves only the suppression of volition, while the 
actual movements remain possible.’^ Thus a paralysed 
hand, which cannot be closed voluntarily, closes when 
the other hand is grasped, through a synergic move- 
ment arising from the interaction of the medullary 
motor centres So too, hemiplegia of the face prevents 
voluntary individualized movement, without preventing 
mimic expression ; and though the closing of the eyelid 
of the paralysed side only may be impossible, the simul- 
taneous closing of both eyelids, by means of a co-ordina- 
tion centre at an infra-cortical stage, is perfectly possible. 

‘ Paralysis ’ of cortical origin is not true paralysis in 
the sense of a fundamental suppression of motor power, 
such as may be caused by destruction of the medullary 
neurones or by section of the motor nerves , it is the 
paralysis of a certain reactive motor power of the 
association area,® the influence of mental elaboration 
on motor behaviour in a given organic region ceases 
after the destruction of the station where the elaborated 
orders are transmitted 

As the automatic centres, relay co-ordmation centres 
governing certain reaction groups, and the motor centres 
proper are none of them affected, reflexes and niotor 
associations can always be correctly produced, and 
even produced with more intensity when they are free 
from superior inhibitory regulation. 

But with the reservation that the volitional centres 
in the cortex are concerned with certain kinds of move- 
ments and are not true motor centres,® the stations that 
we have called incito-motor or associativo-motor are 

But the superior lesion may cause functional disorders in the motor 
centres This is Von Monakow’s “ cortico-spinal diaschisis ” 

We shall see further on that the cortical centres are only incito motor for 
certain kinds of movement 

At first, physiologists and pathologists, such as Luciani, thought that the 
cortical centres were directly motor, to the same degree as the anterior horns 
of the grey matter, while Pitres and Fran9ois Franck in France demonstrated 
their incitatory nature The rOle of the cortex in epilepsy was at that time 
under discussion 
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now well locallxed, and the examination of a central 
lesion in the Rolandic region enables us to foresee 
the distribution of the paralytic disorders which must 
result from It. 

3 Rcctpitvi C^-crdination Centres 
In considenng functional Injuries of the receptive 
centres, we have only examined sensory disturbances, 
and especially deficiencies (hypo-msthesia and anies- 
thesia) Damage to these centres often results, how- 
ever, In a lack of perception t objects and forms of 
objects are no longer recognized, for example, when 
they are felt by the hand there is an ‘ astereognosis 
Tlie stercognostic sense requires the intervention of 
cutaneous and kinassthetlc sensations, and may dis- 
appear when certain component sensations are lacking , 
but it can disappear independently Indeed the per- 
ceptive function seems, in war lesions, to be more 
vulnerable and more exposed than the receptive function 
Perception requires the play of assoaative connections 
which seem to occur at the level of the most super- 
ficial cellular layers of the cortex , and these layers are 
particularly exposed in lesions of the skull and brain 
and are often disturbed as a consequence of adjacent 
destructive lesions. Lesions of the parietal lobe, for 
example, are generally accompanied by disturbances 
of tactile perception and astereognosis. Moreover, the 
mechanism of perceptive assodation Is naturally more 
delicate than that of reception 

But in addition to diminution of perceptive capacity, 
there may be total incapacity to recognize objects in 
tellectually , their form may be recognized, but their 
nature, name and use are not recalled There is 
‘agnosia,’ which is all the more striking in that it is 
concerned especially with the most femiliar objects, and 
those most easy to recognize. 

These agnosias, which are sometimes encountered in 
parietal lesions, imply the destruction of a receptive 
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co-ordination centre, one of those centres where the 
habitual associations arise which are called forth by a 
given congeries of sensations to which this centre acts 
as representative and agent of transmission. 

Among ordinary things with a symbolic value for 
some agreed purpose (a playing card, flag, fork, etc ) 
there are some, namely words, which occupy a pre- 
eminent place in our lives and yet have only this 
symbolic value. The understanding of words seems 
to imply the functioning of special co-ordination centres, 
differing according to the receptive tract 

We shall have to insist on the importance of such 
co-ordination centres in the mechanism of language 
The co-ordination centres, unlike the receptive centres 
or the mcito-motor centres, are single , they are located 
in one hemisphere only and serve as correspondents 
for the receptive centres of both sides. They are 
generally situated in the left hemisphere, but sometimes 
in the right hemisphere among left-handed people. 
Pure word-blindness, for instance, is well-known ; it 
is accompanied by a right hemianopsia, because the 
lesion that damages the co-ordination centre necessary 
for reading, located in the left hemisphere, also damages 
the optic tract of this hemisphere, passing under the 
cortex to reach the occipital pole But cases are cited 
where visual agnosia of written words, or alexia, is 
accompanied by a left hemianopsia 
The existence of localized co-ordination centres does 
not seem any longer open to discussion , the exact 
determination of their position, however, may still 
provide matter for controversy, as we shall see later on. 

4 Incito-inotor Co~ordinatt07i Ccnties 

Just as there may be agnosia without anaesthesia — 
such as word-blindness, that is to say an incapacity to 
read, without blindness — so there may also be an 
apraxia without paralysis, that is to say, an incapacity 
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to execute actions, complex habitual movements though 
the power to execute voluntanly all the necessary 
isolated movements remains unimpaired An indi 
vjdual will no longer be able to perform such habitual 
actions as blowing bis nose or making the sign of 
the cross. 

Such a disorder would follow lesions and wounds in 
the panetal lobe, and especially in the lower parietal 
convolution, on the leftside among right handed people, 
the CO ordination centre of these habitual movements 
being one-sided, as are the receptive co-ordination 
centres This localuation is, however, still somewhat 
doubtful — though the existence of a localization is not.' 

If the isolated injured centre is the co-ordmation 
centre of verbal execution, of language, we have aphasia, 
which IS supposed to be purely motor or aphemiA, 
Pierre Mane s anarthna. Without autopsies, we could 
not hope that war lesions would enable us to fix precisely 
the seat of a centre — vainly conceived as a storehouse 
of motor images — which was located as a result of 
Broca’s work at the foot on the third frontal, and which 
Pierre Mane could only place in a somewhat wide 
quadnlateral area, excluding Broca s centre but extend 
ing nght up to it- On the whole, the anatomical con 
troversy as such is of less importance than is generally 
supposed whether the centre is found m the insula 

I Thfi hUemiptlon of tb« commaolcKlkc tncti of the two bemb^idicrea, 
tbioncb ledoo of tbe ccrpoi ctllomm, InToiva anqafiUoDalile apnxkj — u 
well u retnutdible loteUcctwl dUWibucei — end bdoces ns to tlnsk tint 
ceruln lesloca cease distvlaincet of prasde eo-ordlnetkiii, relitr by 

lymmetncsl seetkm of the prlodpal usodatlon paths of the co-orjbistics} 
centre than by real destruction of thu centre which Tsiicmt coasidermtiotis 
mpfrknlly snpported iesd us to pUco in Uie fronUl ragico In perticulsx 
we may dte one of Sierra a cases where ho describes a datrsctoistic apruxi*, 
accempanying an abKcss of tl* sinus whidi compressed the frontal regtoo 
and disappeated aft« the op«stic« (1910) In an interestint «ticJe dereited 
to apraxk Roocorool reiy properly points out that euptaxia, which fanpUes 
a cxnnplex circuit, with mulUpie slabom, may be <fiitnrbcd by leskma affecting 
■my (HSirent points, qmto apart from aptailai due to the distant rererbera 
tkmsof certain letkms— to the effects of diaschidi { T.e>» d ,t^Tl 

apiassis “ RMtta d* Fratittris^ 19*4, XLVUI, pp. 637-665) 
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that part of the cortex which is folded back under the 
fissure of Sylvius, continuing the area of the third 
frontal to the very edge of the fissure, or in another 
point of the quadrilateral, matters very little in a 
general way. 

The controversy, however, gave rise to the view that 
there would be no further localization, since Broca’s 
centre had been proved a failure. Feeling ran high 
where beliefs and convictions were involved such as 
science should always mistrust in spite of their evident 
respectability, and this led to an over-speedy triumph 
and to some misunderstanding 

The war was responsible for cases of aphemia result- 
ing from lesions in the Broca-Marie area ; and it can 
safely be affirmed that the co-ordination centre neces- 
sary to verbal execution is to be found in this area. 

As for the general conception of the mechanism of 
language and aphasia, it is outside this particular con- 
troversy. We shall consider it again later as a whole. 


5. The Problem of Intellectual Centres 

Reference is often made to ‘association centres,’ but 
this term covers in a general way such parts of the 
brain as are not occupied by ‘ projection ’ centres, or by 
receptive or sensori-motor centres — which is a negative 
specification. In reality it is the brain as a whole which 
is the centre of association, and the association is the 
very raison d’etre of the nervous system as a whole. 

But It has sometimes been held that there are intel- 
lectual centres, which constitute the seat of well-defined 
mental functions , and an imaginary anatomy has been 
used m these schematic constructions There have 
been attempts to localize the intelligence, the higher 
psychic states, etc. , and the highest functions have 
generally been assigned to the frontal lobe, because of 
its great development in man. 

But after what we have said of the functioning of 
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the cerebral system, the impossibility of ever localizing 
actual entities, Hko attention, memory,* and intelli 
gence will be realized We do not localize In the parts 
of a machine qualities such as its speed, its output, 
Its regular or silent working* etc. In particular, the 
intelligence is a value-judgment which we pass on the 
functioning of a cerebral machine But what we are 
judging is the total functioning in its entirety, from a 
certain point of view , and the point of view, though the 
same term intclhgenct ts used, often vanes from one 
judgment to another 

Suppress all the receiving, co-ordinating and actitat 
ing centres and you suppress the functioning of the 
machine , suppress a few of these centres and you get a 
disturbance which though not unimportant (aruesthesia, 
functional paraljsis, osjmbolia, and apraxia) does not 
completely prc\ent the system from working 

TheoreUcally, so long as a receptive centre remains, 
a certain functioning is still possible, doubtless very 
much reduced if there is not at least one symbolic 
co-ordination centre left.* But it is obvious that os 
between different individuals the same defect can have 

^ Tk« eenUe of wviorj li ofuo concrim) u % tUfftbouse of Imafci. Hut 
tbere &re do hiuca «put from unntko | uid JdiI ts the tlom of mdltlcnal 
chffTolstiy Is DOW t f^rttcio of clcdrotu to th« ims^ the sUlic eatitj of 
truUtkxul ptjcholOQr tboold tlso be molved hUo t d/Btislc sritetn t 
p»o cm of tasysrj eroatkia. 

* Ltrcnier dot BtnceU )aftlr obt er r es thtt the cenira have long lent 
•Dppext to nen ilittitctiont,'* and that fanlUea are lUll beli^ loealked 

complex foDcUons wboM elerDcnts alooe ean be locaibed in the popa tense 
of thb word. [Jntr*d»Kltm k U L Imt/iM eC 

*9*1 ^ 74) 

* A man blinded eomplett biUtctal cortical destrocikm of tbe ocdpftal 
centres do looker hu Tisaal Imacca of an^ kind aod cannot ereo reproent 
to falmself tbo nature of Tldoa TUi U tne In tpUe of the contrary aaacTtlocts 

of tlonakow aod we shall recom to the mailer a^aln. lienee there can be 
DO aort ofrlsnai tboot^ ; tbe Kip pte as ioo of all the recepUre areas — IxKlodlnc 
th* Idnarethetk — would be Incompatible with thooght in any fonm Bat It It 
qiite tdear that peripheral lopprettloo of all tentlWllty woald not bare the 
tame reralt at any rate If It occnired only after a certain expericDCo of life 
there woold remain, b fiaet, poaribillUes of Internal erecaUoo of aentariotis 
and the emjioyiDent of imagn. An fadto-attodaUre capad^ would remab 
tbroQgh mnemonic penlsteoce. 
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very diEcrciU ( onsequenres ; an orator vho thinks 
aloud, a painter wliose \isu«il iniap^ination represents 
his habitual form of inental activity, a inusician vho 
hears harmonics repeated or created vitliin him, vill 
not be equally affected bj a lesion which att.acks either 
the linguistic co-ordination centres or the visual centres 
or the auditory centres or the association bundles in the 
neighbourhood of these centres. 

In particular — if ve use the word intelligence as a 
synonym for mental activity, as is often done we must 
differentiate bctw'cen the primitive forms of sensory 
intelligence, with their ill-dc\ eloped symbolism beyond 
which backw'ard children cannot advance, as Binet well 
observed, and the forms of verbal intelligence created 
by social education, abstract and conceptual forms 
Complete sensory aphasia w ill notabl} diminish mental 
activity in one of these forms of intelligence, and will 
have no very marked cfTcct on sensor) intelligence 

We are thus able to appreciate why lesions have 
been described sometimes as having the most serious 
consequences, sometimes as ha\ing no appreciable 
effect; and this has led certain people to think, or 
rather to justify their belief, that the brain plays only 
an accidental and secondary role in mental activity, 
and that every cerebral area is equivalent to ever)" 
other 

This view claims to find justification in certain cele- 
brated accounts, often grossly exaggerated, of cases 
where the brain is said to have been almost completely 
removed with no effect on mental activity.^ It had 
already been put forward before the war, in a note 
by Robinson to the Academie des Sciences , ” and more 

1 We have here a new manifestation of an old movement against the con 
ception of cerebral localization It was originall) related directly to the v\ or 
of Goltz, who cited cases of considerable loss of substance, revealed bj autopsj, 
where nothing dunng the life of the individual thus cerebrally deficient would 
have suggested such serious lesions 

^ R Robinson, “ Les locahsations physiologiques de I’enc^phale en 
contraste avec les destructions ^tendues de cet organe,” C R Ac des Sc , 
1913^ Vol CLVII, p 1463 The case is that of a man of 62, wounded m 
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especially dunng the war it was voiced in a senes of 
papers by Gu6pm on cerebral surgery ^ the excision of 
cerebral lesions Is said to have led to the removal of a 
third of the left hemisphere (occipital area) of a wounded 
soldier who afterwards showed no signs either of 
diminished intelligence or of senson motor disturbance 
But what can be deduced from an observation in which 
there was no accurate examination to prove what had 
been removed? On this occasion there was an abscess, 
and in such cases pus is often mistaken for cerebral 
matter — but the evacuated leucocytes do not act as 
neurones 

I had the opportunity of examining the brain of a war 
case which I had studied, where there was an operation 
for a deep abscess in the frontal region The surgeon, 
after cleaning out the abscess, had found a cavity the 
size of a fist Not only were there psychical disturbances 
which might have passed unnoticed in rapid examina 
hon, but the loss of cerebral substance was in reality 
insignificant After cleaning out the pus which had 
formed the cavity, not so much by destruction as by 
pushing matter aside, the tissues had taken their place 
again and there was very little injury apart from a 
small nuclear scar But the surgeon had honestly 
supposed that a great part of the hemisphere had been 
destroyed 

This shows what reservations are necessary in dealing 
with these sensational observations especially when 
they are being, treated sensationally, without either a 
satisfactory mental examination or a really careful 

Ubc bad, where the aatopvf rereeled Out all the lobci w ere rery cooslder 
tUy mertifieti.'* According to the prellminuy invotlgEtkin, hti Intelligeiice 
wu tUgbUy affected asd hla t a e mo ty mnewbat Irapaired. The patient did 
no< nficr in any way | be wa» content and happy Hli r p etch waj a little 
dlitaibed boi thU aJght hare be en dne to lack of teeth (?) The iaadeqnacy 
of the anatomical axaminatioQ b equalled onlylDy the nnHIty of the mental 

^ Cf C, R Ac. dts Se 1915, VoL CLX, p. 400, Vol CUCI p, 703, 
and Li C^dueic Uay ^5 1916, p. 74 (A- Cnitin, Dii cai dc chimffle 
cAribralo *) 
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cerebral examination — and sometimes without even the 
possibility of a cerebral examination ^ 

What IS quite certain is that thougli a small and 
strictly limited lesion, located in certain areas, may 
involve well-defined and often very serious disturbances 
— for the receptive and mcito-motor brain centres have 
never been excised without causing some damage — 
lesions much more widely extended and larger destruc- 
tions may only produce effects difficult to determine. 

Mental functioning, which consists in associations 
bringing into play various agents of the receptive 
stations (evocation of images) or incitor and especially 
co-ordinating stations, may continue even when certain 
association paths arc interrupted and destroyed. In 
fact the enormous multiplicty of these tracts allows of 
substitution. 

If the railway from Pans to Rheims through Soissons 
is cut, the traffic will go through Epernay ; if Epernay is 
also disconnected, the indirect track through Chaumont 
and Chalons is still available. Were we to judge only 
by the final outcome, we might conclude that the lines 
did not serve for transportation at all since a junction 
had been cut without any results. 

The fact is that in both hemispheres there are count- 
less connections — and they are rarely all destroyed at 
the same time — which ensures the indispensable com- 
munications If the central stations, the distributive 
stations which represent the co-ordination centres, are 
not destroyed or disabled by the complete destruction 
of the lines in their immediate neighbourhood, ° the 

These cases have been brought together by Troude, ^\ho is very much 
deceived as to their value, and their collective effect enables one to realize 
how little can be deduced from such evidence (“ Cerveau et Pens^e,” 
Revue Setenttfique, June 26, 1920, pp 359-363) 

^ Certain sub-cortical lesions — in spite of the effort that has been made to 
ifferentiate them may have the same effect as destructions of the cortex and 
o ite neurones If all the tracts which lead to a station and away from^ it 
are estroyed, that will clearly be equivalent to the destruction of the station 
^ of the possibibty of regeneration and restitution from 
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functioning may be slightly hindered but it will not be 
prevented, 

The hindrance will not even be noticeable unless it 
concerns lines which usually bear a heavy traffic. It 
certainly 'Will not be affected If the tracts are little used ^ 
But if^ for example, the tracts destroyed are those which 
put the visual receptive centres in communication with 
the rest of the cerebral appiaratus, if communication of a 
visual order becomes more difficult, this will interfere 
with certain forms of thought demanding visual imagery, 
and the difficulty will be accentuated for individuals who 
rely especially on this form of thought. War pathology 
has confirmed the eadstence of cerebral areas serving 
more particularly for associations of a certain order, for 
different forms of thought. 

6 Thi Sptaaltsaium of tfu Auocuiiton Paths 
and DynaiHxe Locahxaixon 

The ‘dumb areas of the brain, those whose excitation 
or destruction is not immediately apparent as a sensory 
or motor disturbance, the areas which do not allow of 
‘ projecbon centres and which Flechsig regarded as 
‘ association centres, have naturally led to a variety 
of localizations on their rrmx %gnoUx The frontal 
and parietal lobes extending over a tempero-paneto- 
occipital area, were regarded as the seat of important 
psychical functions. 

Intelligence was placed sometimes in the antenor 
portion of the frontal lobes, whose development is 
considerable in man, and sometimes in the great 
panetal area. Memory was variously located, in conse- 
quence of continued amnesias observed dunng frontal 

' A hsinan bnla repracati hiinimer«ble pouTDCides of iModiOiTc coo 
nwtkm, hcrt the nu^odtj of mukind tne reiy few of titan t Biuidd in hl» 
tur Us I t nfistt Uns ciriSrmUs pobllahed at Napiei b 1900, admitted 
tbt fTHt en ce of (^reat nnoecnpted arena. This ti peritapa tine for manj 
apecimaa of humanity Foe launed polysicAi, lOTercr ihU doobtltaa 
doea Dot bold j liight leskaxs bar* eore chance b thdi caie of prododng 
diatmtancea or apparent ppL 
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lesions by Mabillc and Pitres for example),’ or occipital 
(Dido’s occipital syndrome).” Personally nnd morality, 
as well as attention, seemed to be situated in the frontal 
convolutions. 

In his essay on the interpretation of the results of 
autopsies or of surfjfiral cures of mental disorders, 
Hollander regarded the parii*lal lobe as a centre of 
emotions affected in melancholia, and of sensory fusion , 
and the frontal lobe — affected in mania — as a combina- 
tion of the centres of association, imagination, percep- 
tion, memor)% and all the higher intellectual processes, 
as well as the centre of voluntar)' control and moral, 
aesthetic and religious feeling " 

Moreover, serious lesions of the frontal region may 
pass unperceived, which naturally leads many writers 
to deny the anterior lobe of the brain any part in intel- 
lectual operations 

It IS certainly absurd to look for a cerebral seat of 
personality, which objectively is an expression of the 
law of the unity of nervous functioning, and subjectively 
appears as a complex feeling, the result of a certain 
mode of mental functioning and formed under the 
influence of social education.* And how can we localize 

^ Mabillc and Pitres, “Surun cas d’amndsic dc fixation post apoplcctique 
ayant persist^ pendant vingt-trois ans,” Jicznte dt, Midectnc, ipiS* XXXIII, 
PP 257*279 The pre frontal lol>c was isolated in this case b} a lesion which 
affected the long associative bundles 

2 Cf M. Dide and Ch Pezet “ Syndrome occipital,” jS/r// de la Soc clxn 
de Mid mentalc, 1913, VI, pp 279-291 

® Hollander, The Mental Symptoms of Brain Disease, TLondon, 19 to It 
is of interest that after an anatomico clinical examination of 3000 lunatics, 
Anglade, like Hollander, inclines to connect melancholia ivith a jiarietal 
disturbance and mama with a frontal lesion {cf Anglade, “ Les ternroires 
intellectuels du cerveau,” V Enciphale, 1921, XVI, pp 423 437) Loeb, 
who attributed to the anterior brain of the dog the inhibitor}' function (since 
animals deprived of the frontal region displayed agitation and violent instincts), 
and to the posterior brain as a whole the inverse excitor function, had 
already connected these data with manic agitation, in which excessive ex- 
penditure of acUvity IS contrasted with the exaggeration of inhibition in 
melancholia. , 

Cf Blondel, “La personnaht^,” Journal de Psychologie, XVII, 3, 4) 
1920, p 193 and p 309 



THE PROBLEJI OF LOCALIZATION 45 

intelligence, which Is only ihc successful adaptation of 
all mental functioning, whether onginal and creative or 
mcrel) assimilative? Such adaptation ^ill give nse to 
an appreciation, a judgment of value, which may indeed 
create an idea, a concept, but can engender the entity, 
Intelligence, only in the same sense that our aathetic 
admiration of the setting sun may be said to engender 
Intrinsic Beauty ^ Arc to seek for a centre of atten 
tion when this function, though it appears under tins 
name in the study of psychological mechanisms, is one 
of the most general in the whole nervous system, in the 
form of reinforcements and inhibitions so co-ordinated 
as to ensure functional unity, the unit) of organic indi 
viduality? Finall), can memory be represented solely 
in one area of the brain, seeing that the mnemonic 
funedon makes its appearance with living substance 
itself, while the facilitation of a nervous tract to which 
all forms of memory can be reduced, represents a basic 
law which is certainly not confined to the brain though 
it IS only in connection with assoaativc functioning that 
we find this general property of the nervous s)stcm in 
the particular form usual!) known as memor)’? 

The psychological ideas inhented from traditional 
systems and elaborated by a generation more interested 
in moral education than in scientific knowledge, notions 
of Acuities conceived as independent entities or collec- 
tions of psychical states which had only to be assigned 
their place in compartments of the soul or in those of 
the brain, do not readily lend themselves to that corre- 
lation of nervous and mental functioning which Gall 
made a premature attempt to establish 

But the dynamic Ideas to which the expenmental 
study of the mind has led are closely allied to the 
dynamic ideas imposed on the anatomists themselves by 
the expenmental study of nervous functions • Anatomy 

^ PWroo, La Minralre, Jimu PAikst/itfM4 1918 4jnl jremi 

9-10 pp. 140-iBi aM TVxdid it PsfO^Utit, 

* "Tba lepitten titkrp of sxntal pbenoiMBa In tiic fora of reactloni, con* 
•flliooed le^ei, BeditereVi ptycb&'Tcfiexes, Icadi to a tnily pbjriolQglcal 
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can no longer confine itself to the artificial morphologi- 
cal peculiarities of the lobes of the brain, nor to collec- 
tions of corpses embalmed by a gum fixative and 
examined under the microscope ^ The superficial 
division into compartments which we owe to anatomists 
Ignorant of the laws of functioning of a living nervous 
system, and to psychologists occupied only in collecting 
mental facts without even suspecting that there could be 
laws governing the evolution of psychical processes 
has led and still leads to these contradictory and absurd 
localizations. 

But the reaction against puerile theones must not 
lead to an equally false conception which would only 
allow the brain an unimportant part in mental activity, as 
a reservoir of energy or an undifferentiated sub-stratum 
that could fulfil all its functions by intensified effort in 
spite of quantitative reductions, just as a small piece of 
lung can effect oxygenation or a single kidney can take 
the place of the other kidney if it disappears or is weak.* 

schematization of cerebral localization {cf W Bechterew, “ La localisabon 
des psycho-reflexes dans I'^corce c6r6brale," Sctenita, 1916, pp 444-457) 

^ Von Monakow, for example, introduced the idea of successive localiza- 
tion a cerebral process implies the brmging into play of a group of neurones, 
takes place in time and may mvolve points d’appiii situated at a distance i 

The simplest facts of elementary physiology imply, of course, that any 
process whatever must take place in time The mere admission that the 
neuronic layers are capable of functioning would suggest that in their function- 
ing time must count 

But Von Monakow has also developed a concept of ‘ chronogenic ' localiza- 
tion, and has introduced as factors in the process groups both difierently 
situated and of a different age from the point of view of ontogenetic or phylo- 
genetic evolution [ff Von Monakow, Die Lokahsation tm Grosshirn, 19 ^ 4 ) 

^ Shepherd Ivory Franz reaches this sort of conclusion As a result of 
experiments on animals he claims that even the functions of projection 
reappeared after a temporary disturbance and that the processes of learning 
remained possible with a mere remnant of the cortex, no matter where 
situated But certam of his experiments on lower mammals, such as the 
rat, have no very general beanng, while the results of his work on monkeys, 
being in distinct contradiction with those of a number of other experimenters, 
are very doubtful the ablations were crude and only roughly checked, and 
seem to have been incomplete m every case, afe Von Monakow observes 
{Cf S I Franz, “Cerebral Adaptation vs Cerebral Organology,” Psych 
Bulletin, 1917, XIV, pp, 137-140) 
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We shall consider at a later stage whether there Is 
not some truth in such views But we must not forget 
that in the processes due to the interaction of the cere- 
bral neurones, there are specially important points of 
junction, ‘ synapses ’ which cannot be broken with 
impunitj 

The connection of the receptive tracts with the associ 
ative area invohes synapses grouped in true connect 
ing centres, receptive and IncUo-assoaative centres, just 
as the associative area Is connected in the Incito-raotor 
centres with the tracts of motor reaction And in areas 
where the synapses are complex and varied, apart from 
the co-ordinating junctions, there is no doubt that the 
interruption of a particular tract, or the destruction of 
a given relay neurone Involved in a process does not 
render impossible the deBoito process which normally 
involves this tract or this neurone. But the &ct that 
an equivalent process occurs will generally prevent the 
discovery of a lacuna, which is in any case small, and 
which even if there were no substitution, would clearly 
be very difficult to detect. 

On the other hand, when the destruction affects a great 
number of these associative circuits, whose operation 
constitutes mental activity, we find many surprising 
modifications ^ but only a careful scientific examina 
tion before and after can determine the nature of the 
modification, and this examination has hitherto almost 
always been lacking 

But, rough though they may be, clinical observations 
on the disturbances correlated with localized lesions of 
the brain arc not without value in providing indications 

* Tbers are loicitu wUdi, vUhoot Unchis^ Uie retaT* tnlcmipt, 

at one pdat at least, all the anodatkta paths that Unit op the diSereDt areas 
of the coTtat, at the lerel of the nwat tapeiSdal cwtkal layer the layer 
of the taofcatlal Chres. Such lestets caose lexicms disorders, the 

entire aboUdoo of the mental functions, as in an tnteresdng f reported 
hy iftrcfaand and Abily where a rapidly-deTclc>pl&£ tderosls Inyrdred a 
parallel intellectnal faJltire which qdddy became cotaplete ( Dimence 
mpide pwr Bd^rose edrfheale," Angela wUiuf-jajKJuitjifun Juhf ipij, 
pp. 185 195) 
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as to the nature of the principal associative circuits 
represented in special area. 

Thus in double lesions of the occipital lobe, not 
necessarily affecting the receptive centres, visual 
thought IS generally affected . the capacity for orientation 
and self-direction, which in most individuals demand 
visual schemata, is lost or very much diminished. 

In the left temporal parietal region verbal thought is 
affected, and major lesions which disrupt the whole 
unity of the associative circuits may involve aphasias 
with considerable diminution of intellectual power ; for 
this, in modern social life, implies the use of language, 
the essential instrument of ‘symbolic thought.’ 

Various writers are in close agreement in record- 
ing that disorders of character predominate m the 
frontal region there is generally aboulia and apathy, 
but also impulsiveness and irritability, the power of 
inhibition being diminished, which is in agreement 
with Fano’s experiments on monkeys , ® a taste for 
childish play and a ‘ roguish ’ character sometimes 
appear. 

In experiments in extirpation of the frontal lobes of 
the monkey, Bianchi ^ observed incoherence of conduct, 
loss of initiative and manifestations attributed to the 
higher sentiments (gratitude, jealously, sociability, etc 

^ Cy in particular for war lesions, Cb Chatelin, Les blessures du cerveau, 
1918 [E T 1918], and W Poppelreuter, Die psychtschtn Schddtgungeii durch 
Kopfschuss tm Kriege, Vol II, 1917 , also a good general survey by Kurt 
Goldstein (“ Die Funktionen des Frontallappens,” Medtztmsche Khntk, 1923) 
XXIX, Nos 28 and 29) 

^ Fano, “ Contnbuto alia locahzzazione sur-corticale dei poten inhibitor!,” 
Aiit della R Ac dei Ltncet, 1895, p 292 Cf also Fano, “ Inhibition et 
volonte," Rev g&n des Sciences, Oct 30th, 1920, p 649 

® Biancbi, La M&canique du cerveau (French translation, Pans, 1921 , 
English translation. The Mechanism of the Brain, Edinburgh, 1922) 

^ Loss of initiative was shown, for example, in the e\penments of Affanassiev 
on a dog depnved of the pre-frontal area, which would eat food wrapped m 
paper without undoing the paper as does a normal animal 'But in this case 
we may also regard the phenomenon as due to an insufficient inhibition of 
impulses which is seen very clearly in another observation by the same author 
a dog whose pre-frontal lobes had been removed went and seized a lump of 
sugar behmd a lighted match — which a normal dog would avoid (Bechterew, 
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This does not imply that the will, the moral sense or 
the higher emotions are located there we must first be 
sure of their existence But it may indicate that the 
affective life, the play of tendencies, involves the inter- 
vention of frontal synapses. We shall endeavour later 
to outline a possible view of the r61e of the affective life 
in mental behaviour, and of the participation of the 
vanous levels of the nervous system in this life. 

In any case, though frontal Injunes may be shown 
by affective modifications without true Intellectual 



Fio. 5 Diagnun of the mam bundles of &5»oOAtion neorcme* 
acconUng to Meynert 


deterioration, contrary to the assertions of numerous 
schematiters such as Grasset, who hold that the higher 
psychic processes are situated m the frontal lobe which 
conditions the higher forms of logical thought, it may 

Studhim der Fanktlceen der Pre&ootal nnd anderex 0€lilete der Hliminde 
Ttrahtdit der iTiThriTO-motorlicbea Reflcie, Arciirts ivissa it 
ItfU J913 xm, pp. 61 76) 

1 WUlkm BroTTnlig, ifter an analjaia of tkrea ctMs of cranial tranmala 
foDowod by a aeriotu deterioraticFn of moral coodnct wllhoiit InteDectnal 
w rabe n l nt, placed the moral centre without btritatkin in the rljht frontal 
lobe, the lokn of the fiat frontal cooTohitloo inrolTir^ IrritEbUlty Tioience 
and the kwa of the InbllAtory power and th^ of the leccaid and third frontal 
ccnTolutioiia, the lo« of the moral acoae, and the coenpletc dl^ppearmnce 
of thofeehrigi ofehame, fear of the command of doty or of rimple ckanliaei* 
[kltiit*! Rtctri, June i8th and 35th 1921). 


50 


NEURO-MENTAL FUNCTIONING 


be noted that certain injuries, which doubtless destroy 
privileged synapses, may reappear as definite dis- 
turbances of activity, as pra\ic disorders. Such is the 
syndrome of disorientation in space, of which Pierre 
Mane and Bchague^ have given interesting examples.- 

The association paths which predominate in the 
various cerebral areas seem to depend strictly on the 
nearest receptive or incito-motor centres, and the corre- 
sponding co-ordination areas — which is easily compre- 
hensible. The various forms of thought, the processes 
of association, may be carried on with a dominant 
sensory nucleus that difTers for each individual, and 
in a given individual, according to circumstances 
These methods of thought imply different functional 
circuits with varying positions for the principal synapses 
The occipital tracts are concerned especially with visual 
thought, the temporal tracts with auditory thought, 
while the frontal tracts seem to involve the play of 
affective and motor forms of thought. And parietal 
tracts, in the case of a blind and deaf person like Helen 
Keller can certainly assume predominance in the form 
of tactile thought “ 

^ Cf Pierre Mane and B^hague, “ Syndrome de d6sonentation dans 
I’espace consdcutif aux plaiesprofondesdu lobe frontal,” Jievtie Neurologrqut, 
1919 ) XXVI, pp 3-14 The syndrome •v\ould arise from an interruption 
of the association bundles, ^vhlch link the anterior frontal area wth other 
cerebral areas According to the data proi ided it would seem to be a ques- 
tion of a disorder of conduct, a praxic disorder “It is impossible for me 
to distinguish in the dark,” said one of the wounded patients, “whether I 
am turning to the nght or the left ” But he knew the direction to follow and 
could indicate it Spatial representation (at least through visual schemata) is 
possible, contrary to what we find in cases of disorientation through occipital 
lesion , but motor activity becomes impossible In fact, we have here a 
disturbance of kinesthetic thought while spatial visual thought remams 
perfectly correct A fresh and very characteristic account of this syndrome 
has been given more recently by Pierre Marie, Bouttier and Van Bogaert (“ Un 
cas de tumeur pr6frontale droite,” Revue Netirologiqtie^ 1924, XXXI (II)j 
pp 209 221) 

® No doubt the forms of thought of various animals — however rudimentary 
they may appear, especially owing to their lack of social education by 
language will have very different sensory bases , in the case of the dog, 
thought must clearly be mainly olfactory 
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It is round the co-ordmation centres of verbal 
symbolism which are located in a single hemisphere, 
that the tracts of abstract thought which operate through 
language and the concept — the symbol of a symbol — 
naturally radiate. These tracts extend particularly from 
the posterior part of the parietal and temporal lobes to 
the level of the angular gyrus as far as the foot of the 
frontal convolutions, from the area of receptive co-ordma 
bon to that of executive co-ordination 

7 GtntralDisturixinusofCtTtbralFuiiciton — 
Nerocus * Ttnsion * 

In cerebral lesions there are functional disturbances 
which may appear whatever the seat of the lesion, but 
which, in virtue of a post hoc ergo propter hoc have been 
regarded as symptomatic of injury to all the cerebral 
areas in succession 

Thus It IS with the weakening of the memory or, more 
accurately, diminution of the power of fixing memories 
on the one hand and of evoking old memories on the 
other, and similarly with the lowering of the capacity 
of attention and mental effort, from the double stand 
point of intensity and duration (rapid fatigue) 

The phenomena of continous amnesia, the complete 
absence of mnemonic registration, have been noted in 
cases of occipital, panetal and frontal lesions. Sluggish 
ness, diflBculty of recall — which is only a form of 
sluggishness, of difiBculty in associative processes and m 
intellectual operations generally — is found constantly m 
cerebral injuries And fatigabili^ of attention, inability 
to make an intense and sustained effort, goes along 
with iL 

Grasset proposed the term ‘atopical symptoms for 
disorders observed in piabeots suffering from cerebral 
lesions, independently of the seat of the lesion as 
opposed to symptoms of localization ^ He meant by 

» Cf ifmtptOur 1916 XXXIX i 
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this, however, the signs of a cerebral lesion. But 
though these wounds are usually followed by general 
symptoms, among which are the psychical disorders just 
mentioned and called by Pierre Mane ‘subjective’ 
symptoms, this is not necessarily the case. They may 
appear without any cerebral injury, as a result of cranial 
traumata, which are even more intense when the shock 
IS not complicated by craniotomy , or as a result of general 
traumata such as shock due to violent disturbances of 
air-pressure produced by bursting shells.^ 

Such symptoms are not connected, as Grasset’s ex- 
pression suggests, with a limited destruction of the brain 
wherever this may occur, but with a disturbance of 
cellular activity as a whole by disturbance of neuronic 
metabolism.® 

These effects are analogous to those that may be 
produced by a generalized toxic action, an insufficiency 
of oxygen due to asphyxiation or compression (in the 
course of cerebral tumours for example), or as a result of 
generalized circulatory disorders. In organic lesions of 
the brain, these general functional disorders naturally 
tend to vary not with the seat but with the nature and 
reverberation of the lesion. 

Here we must introduce an idea that is quantitative 
rather than qualitative Cerebrhl activity, in the course 
of intellectual process, implies an expenditure of nervous 
energy through consumption of the reserves stored up 
in the cells and replenished by the nutritive contribution 
or the mobilization of reserves situated m other organs 

If the reserves be impoverished and poorly replenished, 
if the chemical process of consumption of reserves be 

^ Disorders of memory and of attention are elements of the ‘ concussion 
syndrome ’ which A Mairet and the author were among the first to distinguish 
in the first months of the war (ty “ Le syndrome commotionnel dans les 
traumaUsmes de guerre,” BulleUn de VAcadimiedt Mtdectnc, June ist, 15th 
and 22nd, 1915) 

• Cf K Mairct and H Pi6ron, “De la difKrenciation des symptfimes 
commotionnels ct des symptOmes atopiques dans les traumatismes cranio- 
c^rdbraux,” Montf>eUicr Midteal, 1916, XXXIX, 6 
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interfered with, cerebral activity will become difficult and 
irregular — wiU be diminished, retarded and contracted 
The most difficult processes, these demanding a high 
degree of attention, an augmented ‘ nervous tension 
with numerous and intense reinforcements and inhibl 
tions, will be most affected The most automatic 
circuits, those which are the most isolated and the most 
easily brought Into play along well worn paths where 
the resistance of the synapses is weakest, will continue 
— and the more readily in that they are inhibited with 
greater difficulty 

Functional disturbances will occur in a constant order 
because it will be the order of the increasing difficulty 
of the process involved 

Whatever area of the brain remains at work when 
others are destroyed, the same characteristic disturb* 
ances of function wiU appear ' Processes of high 
tension will be the ffrst to be abolished,* the most 
automatic being the most tenacious. 

Now the amount of potential energy accumulated in 
the cerebral cells as a whole will have its influence, 
so that localired destructions by diminishing the total 
reserve, may thereby quite apart from a whole reper- 
cussion on metabolism, cause a diminution of nervous 
tension when the cerebral machine is functioning to 
the full 

That this IS not impossible is no doubt due not to the 
influence of potential reserves but to the fact that 
complex operations bring into play various elements in 

1 It luf happen that the fonctlcml diitnrbajice doei not extend to the 
entire cerebral ajitem bnt retoalna limited to cme area vhkb U comprexaed 
tnanffiriently iirigated^ aod in more direct contact with a tmV agent, etc. In 
the area which U not det tr oyed, there will be a Mlecthe fonctkmal dimlnntloD 
with a local predominance In relation to the teat of tbir partial Injtuy anrl 
a hierarchic predominance In lelatlan to the Intenrity of the injury 

• The idea of oerrotti tentlcn b cloedy related to that of ptychokrglcal 

tension, used by Pierre Janet in hb aente analytb of the p^ologlcal 
processes of the mind. Janet, bowerer gives tenskn a special 
diaerentialing it from quantity of energy so that the two concepts cannot 
be equated forthwith- 



54 


NEURO-MENTAL FUNCTIONING 


all parts of the brain, and that the lacunae, though they 
do not hinder the process itself, which is polymorphous 
and is doubtless never repeated in an absolutely 
identical fashion, can yet diminish the total quantity 
of nervous energy expended in the course of its ac- 
complishment This energy is translated into actions 
of reinforcement or inhibition at a distance, and appears 
in the direction of thought and the regulation of conduct 

But if there is such an influence, it is probably not 
very considerable. And the growth of the volume of 
the brain with the intellectual level in the evolution of 
the vertebrates cannot be regarded as simply correlative 
to the increase of potential energy accumulated where 
the neurones are densest 

It IS the increasing multiplicity of possible association 
circuits which brings about the biological enrichment 
of thought,^ and makes possible the social gain secured 
by language and the play of collective symbolic thought. 

^ Where there is cquilitj of ps}chicnl orginiz.ition, animals of allied 
species have an encephalon \\hich increases with the surface of the bod} 
(sensory and motor surface), and cspecnll} with the number of sensory 
impulses The size of the retina plays a considerable part in the dc\elopment 
of the brain, among birds and fishes, for example The law of proportions 
established by Dubois, the Dutch anthropologist, and \enfied and interpreted 
by Lapicque, allows us to emisage the marginal case where the part of the 
encephalon representing the bodily surface, the projection, receptive or 
motor, might be at one with the surface of the body' in the same way for all 
animal species But in reality there is a fixed residue, which does not vary 
with the bodily surface to w'hich the brain would be reduced if the areas of 
projection diminished with the body, and whose size increases in the various 
groups of species with their mental level, reaching its maximum in the case 
of man, and followed at a distance by the elephants and the anthropoid apes 
This independent residue (Lapicque’s coefficient c) is the associative part of 
the brain, proportionally large in very small species like the humming birds 
(w'here the weight of the brain is far greater than that of man in comparison 
vvith the weight of the body), and proportionally negligible in huge species 
like the whale (where the absolute weight of the brain implied by the 
representation of enormous surfaces is much greater than that of man) 

A clear outline of these very interesting data may be found in Largmer des 
Bancels Introduction h la Psychologic, 1921, pp 116 125, “ L’lntelhgence et 
le cerveau, and particularly m a critical survey' by Lapicque himself, where 
much light is thrown on the disturbing mfluences and where the law is 
analysed and interpreted (“Ln poids du cerveau et I’lntelhgence,” 
de Psychologic, 1922, XIX, pp 5-23) 



Part II 


THE RECEPTI\^ AND INCITO MOTOR 
FUNCTIONS 

Ulie elementarj modes of senson motor thought) 
Grafter I 

MOTOR INCITATION 

By local stimulation at certain points on the cerebral 
cortex if the necessary precaations are taken to avoid 
diffusion,^ we obtain tn the higher mammals such as 
dogs, cats and monkeys, movements of well-determined 
groups of muscles We thus get the clearest idea of 
locaUzatioo, for we can control the cause and at the 
same time witness the visible objective effect. There 
are ‘motor centres ’ whose topography might be 
determined with complete accuracy for every species, 

I VcTj «e«k eloctric&l tUmalahuo hu been cU£fl7 ued t a taSdectlr 
ttJODf tod pnloDg^ed sdmalas wQ] b« followed bj laotOT mctknu is wy 
▼*ned regloD* eren is the f of so umtbetind Tbit emit 

from a dJSscion of the tfimolos oi It mAj bring Into plaj ts UKOUrre 
drcnit with t motor reectlTe teraiinslkm. Tben ais, then cotiin Ckronred 
letponses tbii fact !■ •omeUnie* voy nouked u in tbe cue of moremesti 
of tbe eyea prodoced by definite ocdpital itimalai in tbe cbimptniee 
eccordmg to Sherrlngtoa i expedmcnU {tf J D Stout, On tbe Motor 
Fmctiotu of tbe Cerebnl Cortex of lb« (it,'* PtyduH*Usy 1917 I pp. 

177 *39) 

* We DO loDgcr need to ream tbat en Indletkm proceeds from tbeia ccntrei 
wbkh win relewe tbe directly efbcxcfoas esdUrion of tbe motor nenrooei of 
tbe spinsl cord. When wo stlmalste the cerebral cencrea with induction 
«bocki , the cniicnts of ctlon of the mnade ba.Te o freqaency indepeodent of 
tbnt of the shock t, while the frequency rtmeim the »me — up to abont a 
hundred per second — wbffl tbe imtellon bean on tbe ipiml cord {<f P Hoff* 
^nann, Uebcr die Innerralion det MoxkeU bd Grogfa um e im ag, Arck, 
S*r PkjtUhfU^ 1910 rupp. 3, pp. M3 *49) 
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It would seem that in this field physiological experi- 
ments afford the best opportunity of extending to man 
the general conclusions obtained from the species most 
akin to him, the more so in that we have been able to 
apply the same method to man himself during surgical 
operations ^ 

This method has allowed us to separate off in the 
Rolandic region, which is regarded as sensitivo-motor, 
an area limited to the ascending frontal convolution, 
with an exclusively motor character, parallel to the 
ascending parietal behind the fissure of Rolando, which 
IS exclusively sensory ; the functional difference corre- 
sponding to an entirely different structure." 

On the pre-Rolandic convolution we find an arrange- 
ment, analogous in the monkey and in man, by which 
different parts of the body, on opposite sides, are 
represented in layers on each hemisphere in reverse 
order above, across the convex surface of the hemi- 
sphere, are the motor centres of the lower limb ; below, 
the trunk (at any rate in the case of the chimpanzee) 
occupying very little space , below that again, the arm, 
the forearm and the hand, with a greatly enlarged pro- 
jection for the movements of the fingers , finally at the 
base of the convolution, the centres of the muscles of 
the face, the jaws, and the larynx 

The area occupied by the incito-motor surfaces is by 
no means proportional to the size or number of the 
muscles of the body Some of the musculature of the 

The pnncipal researches on man are due to Krause ( Chi 7 ~tirgte des Gehirns 
und Rilckemnarcks, 191 1), on the anthropoid ape to Grlinbaum and Sherrington 
(“ Observations on the Physiology of the Cerebral Cortex,” Proc Royal Soc , 
1901, LXIX, p 206, 1903, LXXII, p 152) 

^ In the motor area, or at least m the greater part of this area, we find a 
layer of g^ant pyramidal cells, called the cells of Betz, which seem to be the 
elements directly in connection — through their axonic prolongations which 
constitute the pyramidal bundle — with the medullary motor neurones From 
a systematic examination of numerous brains of the insane, Ladame concluded 
that motor disturbances are always accompanied by changes in Betz’ cells, 
while injury to these cells is always accompanied by motor disturbances 
{Cf Enciphale, 1911, VI, pp 532-535) 
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trunk cannot even be detected in the human brain, while 
the thumb and the index finger alone occupy a con 
siderable corbcal surface, almost as large as the entire 
leg ‘ The musculature of the bucco-Iaryngcal region 
has also a very extensive projection The complexity 
of the possible movements Is here a factor of the first 
importance, and so too is their psychical value. 



Fio. 6. Motor localiatioos on tb« cortex of the chimpamtt 
after Grtkabaom and Sbernngton (left hemisphere viewed 
from the side). 

This is a vital fact to remember in interpreting the 
inato-motor function 

The rough data of cerebral pathology, presenting 
left or nght hemiplegias resulting from ordinary lesions 
in the nght or left hemisphere (compressions through 

^ In the Tukna ipede* there b a coonecUon between the d e velop m ent ot 
the Qmbi and the looto-motoT tariace* of the pre-Roiindlc precentral cortex, 
■nd abo between thfa derelopment and that of the antetkir boms of the 
rffoal cned, wboe the motor nenrooes are aitnated. Thus the clhbon, which 
has cttrmonfinadljf weU-devtloped front Umha, has a more extensive exdlo- 
Hwtor snrftce than the enng or the chlmpaniee, and a aklei extension of the 
ebiitctIbofBets(ty F W Mott, E. Sdmster C. S Sberrincton, Motor 
Local ha tk e in the Bnin of the Gibbon correlated with an Hbtoloclcal 
E xa rrHn a tifx i ftiis i^ll V pp. 69^707} 
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haemorrhage, softening due to occlusion of the nutrient 
artery, etc ), were insufficient to confirm the exact 
localization of direct excitation Nevertheless, crural 
monoplegias were noted — the hemiplegia being confined 
to the lower limb — coincident with lesions of the upper 
Rolandic region , and brachial monoplegias — the upper 
limb alone being affected — resulting from lower lesions 
But the war lesions, sometimes limited to very small 
areas pierced by a projectile, provided interesting con- 



Fig 7 Motor localizations of the cortex of man, after Horsley 
(external surface of the left hemisphere) 


firmation of the topography of the motor projection 
of the cortex, in spite of the relative lack of precision 
in lesional localizations based on the position of external 
injuries, or on X-ray findings, in comparison with that 
attainable by direct examination 

In fact numerous cases have been observed in which 
motor disturbances after wounds in the Rolandic region 
were confined to a few muscular groups, to the hand 
alone, to a few fingers, or even to one finger only, the 
middle finger, for example ^ 

^ Multiple ^vounds, such as those due to fragments of bursting shell, some- 
times ga\e rise to \'irious disturbances, each strictl} limited , or a wound cover- 
ing the motor representation of the hand and the face might produce a limited 
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But there arc two t)'pes of limjtatton in motor dis- 
turbances, One arises from the fact that unless the 
funcuonal trouble is generalized but incomplete the 
most delicate movements are the most susceptible 
Thus it is the hand which is first affected by rela- 
tively diffuse incomplete lesions or reverberations at 
a distance from the original lesions. The other is 
due to a limited partial destruction and may affect any 
movements whatever, sometimes those of the shoulder , 
but the movements of certain fingers of the hand are 
often specially affected The fact is that the corre- 
sponding centres are the most vulnerable, situated as 
they arc at the level of the upper lateral portion of the 
skull, and widely spread in a region where wounds 
are not often mortal 

From the study of a number of war cases, Madame 
Athanassio-Binisty* has mapped the positions of the 
affected centres, firstly for the thumb and the index 
finger (the ‘ radial region of the hand) and secondly 
for the last three fingers (the 'ulnar region) The 
first is below the second, as had already been suggested 
by direct electneal stimulation 
From the point of view of topographical localization, 
the data are most satisfying; but the same cannot be 
said of the motor significance of these localizations 
Let U5 see what occurs in the course of slight herai 
plegia after a blow with loss of consciousness, the 
patient on regaining consciousness is completely 
paralysed on one side , the limbs are inert and life- 
less. After a certain time movements again become 
possible, they lack precision and strength, though 
they improve with time walking returns quickly, the 
arm is lifted and the hand closes But finally a con 

fa the rntjcnfar (^rotrps of the face wwl the fiDgen. Anvmg 
n*a*t e»rioai cues reported we may ole \iml of Solklod {fiivuim t€i. £ 
PuiXttt td EiHirtt 1918, XI p. 5 7). Tboe WS4 pveiis of 
ttie right bypogloml area ood the left fadsl, sjid psxslTSis of the fast two 
fa>Bcn of the left 

^ Ltx thmu i* la ^ hlantrts dt g>t€rrt 1918, 
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tractvire often sets in which aggravates the impotence 
and makes it more complete. Sometimes, on the other 
hand, motor recovery is satisfactorily effected. By 
confining the hemiplegia in most cases to a limb or 
to part of a limb, war lesions have given us closely 
analogous tables of the evolution of motor disturbances. 

Now recovery of voluntary movement, even when 
It remains incomplete, seems to be in direct contradiction 
with the incito-motor function of the centres situated 
on the ascending frontal, the pre-Rolandic convolu- 
tion. And this contradiction suggests that the con- 
ception of associativo-motor centres should be rejected 
til ioio 

Let us examine the matter more closely. The cortical 
centres are not directly motor ; they can only act by 
means of the actual motor neurones which move the 
muscles, by entering into direct relation either with 
these neurones through the pyramidal tract, or with 
other sub-cortical relay centres, with co-ordination 
centres situated at intermediate levels 

The suppression of the superior centres, then, need not 
involve true paralysis, a complete suppression of move- 
ment, as the section of the fibres of the motor nerve or 
the destruction of the medullary centres would do. But 
at the beginning of the hemiplegia complete paralysis 
does occur Where organic equilibrium is suddenly 
destroyed, we find serious disturbances at the level of 
all the stations connected with the one which is thus 
seriously affected This is a case of ‘ diaschisis ’ m 
Monakow’s sense When the shock at a distance 
decreases, the functions dependent on the centres not 
directly affected will recommence little by little Later, 
if the cortical injury has not been destructive, the 
function may be re-established, perhaps with limited 
sequel® , or secondary degeneration and accentuation 
of the imbalance, due to the absence of one of the 
necessary elements for the general regulation of move- 
ment, may involve a hypertonia, or contracture of 
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crt«n muscular groups such as that 
dccercbrauon m the 


may accentuate the impotence. Finally the jphe^ 
mena of muscular atrophy, following this 


functional imbalance, may definitely abolish the power 


of movement , r » , 

In destructive lesions, after the effect of the shock is 
dissipated and before the secondary imbalances arc 
developed, we can judge the results produced by the 
lesion in the area known as the motor cortex. 

In the analysis of human hemiplegia, we arc greatly 
aided by the study of expenmental hemiplegia in the 
monkey, with its very similar evolution ' 

Take, for example, the very careful experiments of 
Minkowsb m isolated extirpation of the ascending 
frontal of the baboon • 

At first the paralysis of half the body Is complete , 
then, on the second day, there are signs of actnc 
motility Little by little, the movements of locomotion 
improve, at first in the upper part of the limbs, then 
at the extremiUes , but there are defective attitudes, a 
diminution of energy and speed, stiffness and a strong 
tendency to fatigue 

Moreover, under the infiuence of emotion movement 
IS always £acilitate<L The animal succeeds in seizing 
food with Its paretic arm provided the other arm is kept 
motionless but the movement remains unqualified , the 
fingers cannot produce isolated movements, prehension 
IS only accomplished by the simultaneous closing of 
all fingers, and it is the mouth which takes the piece 
of apple or the bit of grape from the hand rather than 


hd amdoctel raoBi imal tpedc of tMjuopoWj, b 

‘PW" Dt, Coojrt. bt. 
* /■frwi 1913. XIV p. n A. S F Ujtoo 
M ^ Cortex of tbo ChtapBun, 
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the hand which puts them into the mouth. There is 
a definite abolition of complex and delicate movements.^ 

In addition, the normal inhibition of certain reflexes 
and of various automatisms no longer occurs. Here 
we have one of the ordinary clinical facts of the semei- 
ology of hemiplegia, ‘ syncinesias,’ or associated auto- 
matic movements: when the animal turns its head to 
sei7e a piece of food with its mouth, the paretic arm 
bends and rises, for example Some movements may 
cease to occur, but there will be others that are carried 
out of necessity and are no longer inhibited. 

Loss of the power of inhibition and of regulation on 
the one hand, and of the capacity for effecting delicate 
and dissociated movements on the other, is character- 
istic of cortical hemiplegia 

Certain delicate movements still remain possible 
because their incito-motor centres are double, and being 
present in both hemispheres they easily supplement one 
another — the movements of the muscles of symmetrical 
action in the bucco-pharyngeal area and the lar}mx, for 
example. Double cortical injuries alone involve the 
labio-glosso-pharyngeal form of paralysis known as 
‘ pseudo-bulbar,’ because it presents some analogy with 
that which results from injury of the motor neurones 
actually situated in the bulb (Duchenne’s 4abio-glosso- 
laryngeal paralysis). 

The great automatic systems, such as walking which 
IS represented in the spinal chord, and movements of 


1 Meier Muller, who made an anatomical study of the brain of a chimpanzee 
from which Graham Brown and Sherrington bad remoied the motor areas, 
considers that it is the technical reproduction of complex and differentiated 
movements which is affected in lesions of these ‘pseudo-motor’ areas, as 
the activations of movements extends over wide cortical areas (“ Observations 
anatomo physiologiques sur la region du bras dans I’^corce c^r^brale,” Arch 
suisses de Neur e( de Ps , 1919, V, p 270) Certainly the reactive impulse 
might come from any associative circuit whatever, but the realization of these 
movements implies the pre Rolandic level It does not seem that there is 
a CO ordination centre at this level, as the author’s account suggests The 
paresis established is not a simple apraxia, a forgetting of movements once 
learned 
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emotional expression arising In the thalamic region (the 
Intermediate brajn), can function without the cortex 
The decerebrate cats of Dusser de Barenne though 
depnved of the cortex of their hemispheres, would walk, 
wander about, eat, lick their sides, he down and get up, 
mew, pant, murmur, and defend themselves.' 

Admitting that these functions do not occur in the 
same degree in the case of mao without the participation 
of the cortex, it certainly seems that the usual motor 
coKirdinahon systems have a sub-corocal representation 
After abladon of the thalamus, on the other hand, the 
animal enters into a decerebrate rigidity, and we no 
longer find this complex form of movement* 

We must admit, therefore, that the inclto-motor centres 
are not confined to the cerebral cortex. It follows that 
the voluntary reactions resulting from an associative 
elaboration may be liberated by the participation of 
localized subnxirtical centres for unquallfed movements 
and automatic groups,* For delicate dissociated move- 
ments which demand continuous control and the 
assistance of any available information concerning the 
results of execution, the associativo-motor centres are 
exclusively cortical, and their topography is clearly 
demonstrated by expenment-* 

* By t donHe iblitkrQ of the »ep>ori motor rTglon of the inedkxi £mre wo 

oittin belttTKm Tory uttlopxi* to that of the decexebnte u in the 

c«e of the dop of Hcgcr end Eteaoor described u detnetiti la fact, 
^baterer the penfstent aasodatiTe acriTlty may be, ft can no longer be trim 
fated Into sctWty Into motor teacrioaa. [C/ H^tr and Demoor Coa 
^botion i pfayioicgie de iteorce cfeanle, JV C^iris nUtm dd 

df Arjj 1900, Cdwtfid rtmdtf 190I pp, 64 75), 

• Ocnkr nwratnenti, whose co-oidlnmlJ«i cenuc* — although tbdr aeiU 
tartyet known precisely — are aftnated In the bnlbomeaeocephailc regloo 

” pi oTcikeJ by the itlnialatloi) of dlBerent i^kms of the cortex, as 
rttnheam and Sbaringtoo bare dwwn in the case of the ddmparBee. 
«fi«s soch as that of ocalar fiatkm will bo ptoroked by the cortical 
rweptiom which are in direct contaii with coordination centres and 
auti-cwlicsl incito-iaotot caiti^ 

^^Easfaig himself on the pmilsteoce of certain ae^nlred motor haidti In the 
.bMco d tbe c«ei, em- 

that we ao only attriboto to thu area an action of fiidlltation, apart 
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In the case of groups acquired by learning, delicate 
movements such as speech, writing, or instrumental 
music, for example, the additional intervention of cortical 
co-ordination centres, superimposed on incito-motor 
centres, is necessary, and its importance will be seen 
when we come to study language. 

Among the higher animals, and especially in man, the 
cortical incito-motor centre has acquired primarily an 
inhibitory value, ^ preventing the realization of the 
automatic groups released by a reflex response to a given 
stimulus. Certain voluntary reactions may consist less 
in a motor incitation proper than in the diminution — 
though with the preservation of a certain control — of an 
inhibition which checks such ready-made responses as 
flight or aggression, during the course of emotions 
provoked by a given stimulus 

In order to ensure the execution of the reactions 
elaborated by the higher associative activities, the cortex 
must obey the general law of unity of the nervous system, 
which ensures individuality of animal behaviour. From 
this fact arises the general regulative and inhibitory 
influence of thought, which in delicate and finely 
graduated movements conceives modes of reaction that 
are more highly differentiated and more subtle ® This 
influence, which is co-existent with the tardily developed 
incito-motor function rendered necessary by circum- 
stances, is exercised by means of the great pyramidal 
projection bundle, without any other intermediary. 


from a regulation of tonus {cf Archives of Neurology and Psychiatry, 1924, 
XII, pp 249-276) But the negative character of this conceplion is un- 
doubtedly exaggerated 

1 But there are also inhibitions proceeding from the sub-cortical incito- 
motor centres the striate body, for example, has an important co-ordinating 
and inhibitory function, the study of which has been facilitated by the various 
nervous affections which occur where it has been in3ured, such as Huntingdon’s 
chorea, paralysis agitans, etc , which are characterized by involuntary move- 
ments {cf especially Ramsay Hunt, Brain, 1917, XL, p 58 ) 

2 The multiphcity of highly differentiated movements of the hand explams 
the very wide surface occupied by the representation of that member on the 
incito-motor area of the cortex 
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We rau3t not suppose, however, that if we could 
abstract from the nervous system as a whole a motor 
neurone of the pre^Rolandic cortex, a giant pyramidal 
Betz cell, and a direct motor neurone from the anterior 
horn of the spinal cord, their assoaadon would suffice to 
ensure normal motor functioning There are complex 
influences arising at other levels which act upon the 
motor neurone , the thalamus, the stnate body, and the 
cerebellum have influences of their own without which 
motor imbalance would follow 

Von Monakow very nghtly Insists on these interrelated 
groups which interact constantly, and he shows that in 
what he calls the ‘ kinetic melody they arc only isolated 
chords which can be localized in the anterior Rolandic 
convolution, while in order to localize the melody as a 
whole the intervendoa of the sub-cortical nuclei, the 
cerebellum, the pons, and the spinal cord, Is necessary 

The fact remains that pnvilcged chords arise at wdl 
defined points of the pre-central cortex and that synapses 
occur there-~connections of neurones — which control 
the play of certain definite movements,* all the rest of 
the system being in equilibrium and In apparent repose. 
We localize in the mechanism the apparatus for effecting 
certain pre-determined shunting operation * 

> Vnlpfui re{;«rded tbe pijelioiiioteT centn u a crou-road, froo t trelj 
pbyriokpeal tUodpoint ; tnt the aUUc tlwocht of ibe loolkinc uiatocilsti tbo 
loiL{^ took buo ftccoont Um coioplcxhx of fooctteml dmi tla , withoot 
which we coold oot coocetre of BOirtty in tb« Derr u o a ijitem. 

■ Accordhts to Luhley the coo nee tiot u of the cottlal oetmoes with the 
Ctoope of motof p cuium la pbyilolockBUj TBrkbte. He foood thit from one 
d <7 to unther the electrlcBl ■dmehtioo of the nme polst of the cortex 
proToked dlffeieot moremeots ( Tempood Variation tn the Fonctko of the 
Qyna PrceenUalt* In Piimatca, Amtritam JmtrnMitf Ptijn^i^gy 1913, LXV 
pp. 585-603) &it the exact localiiatlao of electikal exdtatk® U liable to 
TtritUe dUFoiko and U too cmcertaln to allow tn to accept thli <T fw lgri op as 
the baali of the &Lcti at present aTaDabte. 


Chapter II 


SENSORY RECEPTION 

The functioning of the cortical receptive apparatus 
which corresponds to all the diffuse sensations of the 
organism, all, that is to say, which are not exclusively 
concentrated, like sight, hearing, taste or smell, on 
limited surfaces — and in proportion as they approach 
the cortex — involves many complex problems. We will 
approach these problems in the order of increasing 
difficulty, dealing first with the topography of cortical 
reception in its relation to the topography of the body, 
then with the relations of the various types of sensation, 
and finally with perception, before considering the 
significance of the receptive functions of the cortex from 
the standpoint of sensori-motor activity in general. 


I. Receptive Topography of the Diffuse Sensations 
of the Organism 


The stimulation in the cortex of a terminal recep- 
tion of sensory excitation cannot, when it enters the 
associative area, be represented in a form that is 
immediately apparent, like the excitation of the reactive 
centres on leaving this area We are obliged to have 
recourse indirectly to reactions which indicate the 
efficacy of the excitation. In the case of an animal, we 
cannot procure a satisfactory analysis during anassthetic 
sleep with localized electrical stimulation The use of 
a limited chemical excitation, touching one point of 
the cortex with a tampon soaked in a weak coloured 
solution or strychnine (Dusser de Barenne) or placing 
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a cylinder of blotting paper soaked in such a solution 
at the level of a certain surface (Amantea), allows us 
to produce a lasting stimulation, a localized hyper 
iBSthesia This is translated In the behaviour of the 
animal by spontaneous gestures (licking and scratch 
mg), and by violent reacuons to light pressures applied 
at the level of the region of the hyper-oisthetired body, 
and in addition by senson motor associative reverbera 
dons through reaction at a distance on association 
centres ^ 

These expenments have revealed a sensory cortical 
area, distinct from the indto-motor area but very close 
to it, upon which the body Is represented, again in- 
versely, so that the sensorj or motor projection of the 
same region or of the same part of a limb is found at 
the same level 

In man, direct study of the cortical stimulation of the 
sensory area has rarely been possible None the less, 
evidence of the first importance has been furnished by 
the American neuropb>siologist and surgeon, Harvey 
Cushing * 

Cushing, by unipolar faradization, with more than 
fifty an$stheUzed patients, confirmed the conclusions 
of the researches on the ape by Sbemngton and Grun 
I baum as to the existence of motor points only m front 

^ C/ Amtntes, Sox la npporti entre ks centra conJeau de U drcoo 
TCilQtkn dcradde et la fteasibUlti cnUit^ eba le ctlen " Arti Ual 
BitUfk 1915, LXII pp. I43 148 and &ar la r&pporti topographlq ms 
entre T^corce cj rf bra le et la aesslblUt^ enUo^ cbez le chlen^ Artkrca 
imirm, dt Pkjn*Utu^ 19JI XVIII pp. 4744831 also J G Dwaer de 
Barenoe Rfch a c ba expMnxDtala sot la local balloo de la semibditi 
dans r^corce dn cen ean. Arch nttri. Pkyx\»L I pp 15 26 la Oasser 
de Barenoe t experiments on tbe cat, tbe exdtatlcin of caljdn areas reacted 
on tbe senaibnity of tbe two aida of tbe bodx probably tbronch Derrons 
transmisakm of tbe by peisat hetirinc idinQlatkin frtm one beolspbere to tbe 
other Tbe same pheaomena hare also been noted in the latat researeba 
on the monkey (J G Dosser do Barenne, Erpedmcntal Rcsearcha on 
Sensory Localiatloo in tbe Cerebral Cortez of the klonkey Pr*c Rtyal 
S0C. 1914 B. 96 pp. X73 S91) 

• Hsjrey Cadiln£, U< tU, A Note npon the Faradic Stbnalatko of tbe 
Postcentral Gyru in Co os cio ns Patlenti, Brtin, XXXII 1909, pp. 44 53, 


68 THE RECEPTIVE FUNCTIONS 

of the Rolandic fissure In addition to this he made 
two comparative attempts at pre- and post-Rolandic 
stimulation with two subjects who were awake and 
conscious. In both cases, after the usual osteoplastic 
craniotomy under general anassthesia, cortical stimula- 
tion was subsequently possible without 'any anassthesia 

The first case was that of a boy of fifteen, who suffered 
from sensory convulsions originating in the right hand 
and extending to the arm and face The exposure of 
the Rolandic region revealed nothing, either on the 
surface or at a depth, after a parietal incision parallel to 
the fissure. Pre-Rolandic excitation along the fissure 
elicited, in descending order, flexion of the elbow, 
flexion and extension of the fingers, opposition of-the 
thumb, and various movements in the region of the 
face Posterior to the central fissure, stimulation pro- 
duced finger-sensations of a complex nature, analogous 
to those preceding an attack ; and a little lower down 
vague and diffused sensations of warmth in the arm, 
with the impression of choking. 

The second case dealt with a man of 44, suffering 
from attacks of Jacksonian epilepsy, often limited to the 
right hand, with an aura characterized by a sensation 
like an electric shock running between the little and 
ring fingers A high lesion was discovered, beneath 
which post-Rolandic excitation gave sensations of 
‘ touching ’ or ‘ stroking ’ on the fingers or on the hand, 
according to the points stimulated ; sensations were 
located in the index finger for an excitation opposite the 
motor points governing the flexion of the thumb 

In the case of Cushing’s first patient, t;he operation 
constituted a true physiological experiment in localized 
extirpation 

In the course of the operation an incision had been 
made, with local ligature of the vessels, along the 
ascending parietal, parallel to the fissure of Rolando, 
in the region where electrical stimulation had produced 
sensations at the level of the little finger This was 
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done because a tv, jtching of the little finger had occurred 
dunng the seizures In consequence of this strictly 
localized minimal incision, sensory disturbances were 
noted in the tv^o last fingers and the ulnar part of the 
hand in the form of thermal hjpo algesia and h>po- 
rcsthcsia with loss of the sense of posture in tlie little 
finger 

Disturbances limited to half the hand either the 
radial side (that of the thumb), or the ulnar side were 
obsened with care fairl) frequent!) during the vnr in 
connection with minor lesions nnd this fact caused 
some surpnsc since it w-as supposed that the cortical 
representation of the limbs must be stnctl) segmental, 
the fingers being oil juxtaposed at the same level of the 
ascending panctal * In rcalii) the motor points sufficed 
to show that the thumb and index finger arc close to- 
gether at a lower level than the lost fingers. The 
functional groupingmay, in a panllcl manner be more 
stnctl) responsible for the sensor) projection of the 
internal and external surfaces of the limbs 

The h)pothcsls had been put forward os carl) as 
1906 by Russel and Horslc) * who adopting the 
tcrminolog) of Ross and Paterson, were surprised to 
find that there vrtis for each limb a * prc axial half (the 
radial half, for the hand innervated b) the higlicr 
segments of the spinal cord viz the fifth to the seventh 
cervical), and a post axial half (the ulnar half for 
the hand, supplied b) the lower segments, the eighth 
cervical and the fifth and second dorsal), with distinct 

* Thi* cortical »f5toeoUl loeUlatlon b opposed lo the top o^ i i phy of root 

ams I the t oTMik: tttti w Inoerrtted by fibm »hkh I® 

posterior roc^i of c«db tBedalbry fepjsenl cerTkal dorsal and Itnobuj be 
ero»p(nc of tbo fibres cen a poods lo re^lrbkms of my IneciiUr fora j lod 
•lone the llmhi topertinpci^ roots jBnerrntc Jon^itadUal panllcl baodi. 
CoaseqaenUy a distinbaocc United looj^tadlnally tod oot Uansrcrsely tncpesti 
ibe Idea of a topocraphy of ro« areas ctnracteiUtlc of the locaUtatlosi In the 
spbol coni, 

• C. K- Rossd and V Horsley Koto on Apparent Re representation 
to the Cerebral Cortex of tb* Type of Setaory Representation as k crisis lo 
the Spinal Cord " Snim^ \XIX, I 1906 pp. ijy ijt. 



70 


THE RECEPTIVE FUNCTIONS 


projection from the axis of the limb (the central line, 
innervated by the eighth cervical) These authors 
noted that tactile hypo-msthesias and ‘ atopognosias ’ 
(disturbances of localization) may behave in an alto- 
gether different way in the pre-axial and post-axial 
regions , and they concluded tliat there was something 
like an echo of spinal representation in the cortex, 
where a ver}^ distinct projection of the two halves of 
the limb occurs The mid-a\ial line, which is differ- 
entiated, serves as a landmark from the point of view 
of movement^ 

The vaguer idea of a double representation, longi- 
tudinal and transverse, had been formulated by Cal- 
ligaris, who made a collection of cases of cerebral 
anesthesia “of a longitudinal type,” in 1910 ® 

It must certainly not be supposed that the entire 
surface of one side of the body is represented with its 
exact form in reverse order on the post-Rolandic area 
of the opposite hemisphere The peripheral receptor 
neurones become associated with the neurones of an 
incito-associative function at the level of the cortex, 
which are almost in one-to-one correspondence with 
them , but the functional relationship causes congeries 
of neurones to be grouped very close to one another, 
which facilitates their interaction, and the size of the 
representation is connected not with the size of the 
peripheral receptive surface but with the density of the 
primary neurones This explains the fact that the hand 
occupies a very important place in the cortical receptive 

1 The first observation dealing i\ith the different behaviour of cortical 
origin, of the pre axial and post-axial halves of the limbs, in wbrnh Horsley 
collaborated, dates from 1894, and concerns a case in which there was a 
transfer in the localization from one half of the limb to the other and vice \ ersa 
(T Grainger Stewart, “ On a Case of Perverted Localization of Sensation 
or AllachTesthesia,” Brtitsh Medical Journal, January' 6th, 1894, pp I 4) 

^ Cf G Calhgans, “ Disturbi della sensibihta di ongine cerebrale a tipe 
radicolare,” Eivtsta dt Patologia, 1910, 7, “ L’Anesth^sie c6rebrale de type 
longitudinal,” Revue Neurologtgue, 1920, XXVII, pp 1073 1083 Cf also 
Bergmark, “Cerebral Monoplegia, with Special Reference to Sensation and 
to Spastic Phenomena,” Brain, 1910, XXXVII, pp 342 477 
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area, since distinct sensory elements corresponding to 
the cutaneous surface are very numerous,* and the 
kmEtsthetic sensibility of vanous articulations also plays 
its part. 

Though not complete in detail the main lines of the 
receptive map of the sensory cortex are thus known 
We know by the hemiamesthesias which generally — 
but not always, especially in a lasting form — accompany 
motor hemiplegias and which can also, though more 
rarely, occur alone, that the cortical lesion involves 
sensory defects We must determine the nature of 
these defects either in a complete half of the body* or 
in one part only, particularly in one limb (brachial 
or crural sensory monoplegia), and sometimes in a 
segment of a Umb, usually therefore at its extremity 
For the extremity, being more extended, is more vulner 
able, and since it allows the most delicate and elaborate, 
and consequently the most vulnerable forms of sensi 

1 Acoadlac to Pl«duic’« UiC grtcnl of the nulece of i 10^017 
uet Ttrki with tb« nr&c« o( the aecUoa of the c on eepccdlpg peripbenl 
ocme, thet b to uj with the otanbo of the fibres, or with the Dttmbei of 
the oforoocs, whose protoogstlons eoaxtitste the troak of tb« nerrt Htb 
cxpUlQs the rtrbUon of cerebral volomc with the nrfiue of the bodf when 
there b so equl dentity of InoerrmUon, and wHh the daidty of ino«TatVm 
when the lorlace b cqoaL Now the demity of the cotaoeooj nxOices in the 
cate of man rariet rery couUerably with the reci^xt. Aecordinf' to the 
data of Van Gehoditeti, oat of aboot 654 000 fibres of tenbbillty on each 
fide of the body (the potterior colamos of tbc ajioal rnamw) of which aboot 
joo,QOO aie concerned with cotaneoat seniibQity the dlTbum la coch that 
cat the aretace nch fibre Innemtcs i 9QS tq mm. at the bead, i 910 aq mm. 
at the upper limb, s 945 aq mm. at the lower limb, 3 91$ at the 

tnmk. And there values are arq-agea. where the cerebri matter for the 
finger and the tboolder comblpe very tutcquaily — to give the common nomher 
of tht upper limb. 

* In a case of pore eorUcal hemlanasthesia throng tianma (a fragment of 
ibell) wbm the ikell had been driven In to the level of the ttpper rtgloo 
of the ascending parleUl, I foond that the distarfaaivea extended throoghoat 
the body except the mucooi membrane and the genital cream. The receptive 
element! of tbsse parts — which would famish thalamic impreukms especblly 
— bong ntnated on the iater-hemispborkal surface wtrold prexamah^ be lest 
Tolnciahle. At the level of the median Unei of se^auation of the two balees 
of the body we find lesKr dbttabancca encroaching a little on the oppodte 
sida. On the median side there Is evidently a eon f a si oo of the two lateral 
foDcrraricais, each correspoodlng to a decamaikm of the hemlspbere. 
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bility, can alone reveal incomplete and diffuse dis- 
turbances, undiscoverable in the region of the upper 
part of the limbs, whose sensibility remains more 
crude. 

Without providing injuries as limited as those that 
can be produced by the scalpel, wounds due to pro- 
jectiles have, much more often than the habitual 
accidents of human pathology, caused pure and localized 
sensory disturbances, and have thus confirmed previous 
views of the sensory topography of the cortex. 


2. Topogiaphic Relations of the Vauous Foims of 
Cutaneous and Deep Sensibility 

Psycho-physiological analysis has led us to dis- 
tinguish the independent forms of cutaneous sensibility 
and deep sensibility. We shall retain the following : 
touch, properly speaking (cutaneous to a light pressure), 
and deep touch (pressures exercising their effect on the 
sub-cutaneous regions, the muscles, etc ) ; thermal sensi- 
bility for cold and heat, both cutaneous ; the so-called 
pain-sensibility with distinct forms for pricking, burning 
and bruising (cutaneous and deep) , sensibility through 
bone revealed by vibratory stimuli , and finally the 
sensibility known as kinesthetic, or arthro-muscular 
(movements and resistances) 

The sense of position and tactile discrimination, which 
imply complex reactions, are often also treated as form^ 
of elementary sensibility. 

How do the various forms of sensibility, whose in- 
dependence is shown in the conduction paths of the 
medullary bundles and in the relay stations, behave 
from the point of view of the topography of cortical 
representation. 

In this respect a clinical view of the character of 
anesthesias of cortical origin would seem to imply a 
very incomplete representation 

Verger, in 1909, on the evidence of forty cases, twenty 
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of which were based upon anatomical examination, 
stated that after lesions of the cerebral hemispheres, 
pain and the thermal sensations were little affected, 
that the tactile sense was affected ‘ qualitatively In 
particular, chiefly from the point of view of localization, 
that stereognosis — called ‘ active touch — was constantly 
diminished or destroj cd, as well as the sense of position 
(“ the idea of position of the fingers *) , finally that 
akinaisthcsia,’ that is to say the absence of sensations 
of movement, was the rule, with persistence of a 
generalized sensation only ‘ 

On the other hand, Dejenne described m 1914 a 
” sensory cortical syndrome * to which he returned 
with Mouzon in January, 1915, in connection with two 
war cases this syndrome was charactenzed by the 
complete or almost complete integrity of the tactile 
sense, the mtegnty of pain and thermal sensations, a 
perfect or almost perfect preservation of sensation through 
bone, contrasting with a marked detenoration of the 
sense of tacdle discrimination and of the sense of 
position, and a constant astereognosis (or loss of the 
tactile appreciation of form) 

These concordant clinical data suggest a cortical 
representation almost enbrely limited to kinaesthetic 
sensibility 

But the war cases, which multiplied cortical anses 
thesias, showed that the “sensory cortical syndrome” 
had by no means an absolute value And, towards the 
end of 1915, Dejenne and Mouzon desenbed a “new 
type of sensory cortical syndrome almost the opposite 
of the first* 

Having myself studied in some detail several cases 

^ VcTcei Sar 1 «> Irooblet de h Mnilblbt 6 uj I,i(iocu 

dtt bimispbtm cfr ftrai ix cha I’hotnme,'* Anlmt Ghtknlu it MUenmt 
1900, p. 513 and p. 662, 

• Dtjerinc SdmdUUju do afftetitm im tjnthmt trnvtux^ 1914- 

• J Dtjerme *ad J MotoBJU, Un nooroui type de «yiidrome icndtif 
cortloU oUerri dim tm cu da mooopli^e cartiala dloodie Rmm Ntura- 
Upfut 1915 XXII pp, 1*65 1*73. 
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of cortical anassthesia resulting from war lesions, one 
of which was a very good example of pure hemian- 
cesthesia, I prepared a summary of typical French 
observations during the war, though they were un- 
fortunately as a rule inadequate as regards analysis 
of the disturbances I also endeavoured to estimate 
the frequency and intensity of the injury to the forms 
of sensibility and to the elementary modes of perception, 
often confounded with the sensations themselves ^ 

Attributing to each sensation a coefficient running 
from I (considered normal) to 5 (complete disappear- 
ance), the mean coefficients of the observations collected 
give 


Sensation 


Perception 


Superficial Touch 

. 3 60 

Deep Pressure 

3 54 

Heat and Cold . 

3 21 

Pam 

• 3 35 

Vibration through Bone 

• 3 47 

Appreciation of Weight 

3 75 

Tactile Discrimination 

3 80 

Tactile Localization . 

• 3 38 

Position 

. . 4 00 

Stereognosis 

4 13 


Though these statistics are only approximate and are 
generally based on rather rough clinical examinations, 
the disturbances seem, on an average, to affect ^11 
forms of elementary sensibility and perception ; but 
the sense of position is most often and most completely 
affected ; it is only exceptionally normal. 

Thermal sensibility and sensibility to pain are the 
most frequently unaffected or relatively unaffected, but 

^ Cy H Pi6ron, ” La question des localisations sensitives de I’dcorce et 
le syndrome sensitif cortical,” Revue de Midecine, 1919, pp 129 157 
French publications of similar observations since this date, and such foreign 
publications as I am acquainted with, only confirm the results of my statistical 
statement (cy Rose, Rev Neur , 1921, p 191 , Roussy, d’CElsniti and 
Comil, Rev Neur , 1919, p 311 , De Sanctis, Rtvzsia Ospedahera, Sept 18, 
1919 , Brunschweiler, sautiatre de Lucerne, 243, etc ) 
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contrary to Landberg*s^ statement, this need not always 
be true , and besides, we should note that sensibility 
to pain Is generally explored only for pnck, which Is 
significant 

More careful examinations have been made, however, 
by Head and Holmes in four cases of operations on 
tumours In the post Rolandlc region * 

According to their results, in cortical anaesthesia 
touch is not affected there is only great variability of 
sensation, with a considerable elevation of the threshold 
under the influence of fatigue through repetition of the 
tests. Sensibility to pain is not in the least affected, 
and the threshold for pnck is not modified Thermal 
sensibility to hot and cold is only a little less delicate 
(enlargement of the neutral area), but not in a constant 
way The appreciation of posture and of movement 
is frequently disturbed, especially at the extremities 
Localization Is often less exact, and delicacy of fils' 
cnmination is always parallel to it. Appreciation of 
weight generally has a wide margin of error Per 
ccption of size and form is only abolished when the 
sense of posture and tactile sensibility are affected at 
the same time. Rough and smooth continue to be 
well recognized, but not fine texture Finally, the 
appreciation of vibrations may be diminished, but not 
abolished 

These conclusions of Head and Holmes were adopted 
by Monier Vinard in his interesting report on anas 
thesias in cerebral hemiplegia at the congress of French 
alienists and neurologists at Puy m 1913-’ 

From the detailed examination of the results of Head 
and Holme* — which give us no information at all con 
ceming the elementary sensations such as deep pressure 
and pam — we may infer, as a whole, that there was an 

• ITber die SaisIbiEtttJtSnnifeQ bel cenhnltm Hemiplegic Dfu/sdkt 
Ztiiukr fiir Iftrvtnktilhtmd 4 1906 XXX pp. 14^166. 

• Head tad G, Holme* S«i»ory dUtrabmucci from certbnd 

191*, XXXIV pp. 103-154. 

• Cf Rrom4 NntrwUgi^tu^ 1913 XXVI pp. *09-210. 



THE RECEPTIVE FUNCTIONS 


76 

unequal but very general injury of the various forms 
of sensibility , and these authors explain the nature of 
this injury by an attractive hypothesis to which we 
shall return 

Prickly pain alone seems to remain, and there is 
apparently a predominance of the disturbance in the 
appreciation of posture and of weight, surface and 
vibratory sensibility being less affected, as in the 
syndrome of Verger- Dejerine ; with this difference, 
however, that according to Head and Holmes percep- 
tion (discrimination, localization, and stereognosis) is 
not invariably disturbed 

Since that time, as a result of a very careful experi- 
mental study of parietal war lesions. Head has been led 
to a somewhat different view, and now admits only 
a loss of perceptive functions in cortical lesions. He 
distinguishes three special functions , spatial apprecia- 
tion, graduation of intensity, and recognition of the 
nature of the excitation (shape, size, weight and texture). 

We shall return to this view, which requires certain 
reservations 

In fact, numerous war observations have shown that 
the sensation of pricking itself is fairly often affected by 
cortical lesions, and that sometimes (second cortical 
syndrome), superficial sensibility, particularly thermal 
sensibility, is almost exclusively diminished or abol- 
ished In a case where the cranial parietal bone was 
broken in, Gerstmann records pain-heat ancesthesia, 
limited to the ulnar region of the hand, without 
disturbance of stereognosis and kinassthesia in the 
finger-tips.’^ 

In an experiment on a very limited lesion produced 
by a surgical operation (Harvey Cushing), there was 
thermal hypo-algesia and hypo-^sthesia, and as a 
consequence an exclusive disturbance of superficial pain- 

1 L Gerstmann, “Em Fall von dissoznerter Sensibjhtatstornng spinoseg- 
mentalen Charakters infolge Himverletzung nach Schkdelschuss,” Mitteil 
der Gesellsch frir inn Med tn Wien, 1915, XIV, 13 
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heat sensibility on half the hand with loss of kinaa- 
thesla^ however, but on the little finger only This 
observation is of great importance, for It establishes 
the close Inter relaUon of the connecting neurones of the 
vanous forms of sensibility in the representation of the 
established somatic regions The frequent disturbance 
of kinresthesia in cases of parietal injury, behind the 
ascending parietal gyrus, also supports the idea of a 
distinct topographical localitation of deep sensibility, 
which 13 maintained by pupils of Pierre Mane, such as 
Chatelin, and to a certain degree, by Mme, Athanasslo- 
Binisty ^ 

But the fact that, In cerebral hemiplegias, deep 
sensibility,* kmassthesia, is most commonly injured, 
certainly indicates a greater vulnerability in this form, 
which has often been localized In the frontal region, 
at least in the pre-Rolandtc convolution, because its 
disturbance accompanied injuries not involving the 
ascending parietal convolution 

It need, then cause no surprise (bat In panetnl 
traumata we find, as a distance effect, a slight Injury 
in the postcentral area, producing a disturbance of 
kin«3thesia. Besides, panetal lesions seem to injure 
the association path coming from the sensori motor area 
and the co-on^nating receptive centres, so that the 


* Cf Qa tri ln, cU La Wemerw iM mvaat *nd edit. p. 89 [EogUih 
tEunUtloD, Woods tffktSJntDatdBrw^ ipta, p. 94}. lime. Ath«uu*ia- 
Binitty attilbirtei a ionjcwhat ffl-defioed rifle of ceDcrtI leudbOIty fot the 
vliolo body to the perietal the po« RoJaudJe cooTolotloo icrTfng for 
the rejraeiitaiioo of the Umbi {6w aU fonna of aenrihlUty) i the dlrtnibance 
wooJd jpeoalJy cooem localkatioo, dfacrinilaarioo, aod orienta 

tloQ b ipace. On the -whole h woold be a matter prlndpolly of feTceptire 
diriarbaaea, wlthoct topopapiikal repreientalioa of the body There U 
no erldence fo* proJactlTt repreaentarioaa on the parietal lobe 
■ Booa aentOdUty U rerealed by Tflumtoiy exdtation which can \t\nc 
bio pUy aU the nerre-endlBgi, hot excite* wpedahy tboao of the peri^ 
tfann becaaae of the nrobcixlian of the solid rapport, and It Ij remarkable 
hcFW with cortical (hnodatioo. It foUowa rapeifi^ tactile acnilbllltT ax I 
hare coiutintly noted, and ax H. Kraecer hax also remarked. ( Ueber 
B endb fll tt titSnuicen nxch Verietringai der Qroaxhlnarijuio Zritelr r*, 
dit grs, /Teur toU. 191S, XXXUI), 
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lesions 5 for in general this dissociation reveals a peculiar 
vulnerability of the lanaathesla*' 

It IS possible to suppose that the variation in vul 
nerability is due to differences in the situation of 
the connecting neurones connected with the different 
forms of sensibility But though we know that the 
whole ascending parietal convolution corresponds to 
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At 17 b htdioted tba amitikla or Tbsal cortex rormd 
U10 ctlcuiiM &snre. 

a cortical structure which is not found elsewhere and, In 
particular, Is very different from that which charactcrixes 
the motor area of the ascending frontal, and though 
we also know that it represents a highly individualized 
structural area, we are not yet in a position to make 

1 An hnpoitxnt study by Plene Mule end BcntUei ( ktnde cUnlqoe mi 
les modsHtis da dbsoditlocii da U ■enrihfm lUiii la l^ikica eoc^phallqua,^ 
Rmu nturttttifm XXIX, 1932, pp. i *s mod pp. 144 i6d) atibUsha the 
fact that all railetla a cu my dbaodadon can be obaemd In cortical 
nb-cottlcal loiooa, bat vith a aenenl predominance of injary to deep 
sensihtlity confirming my own analyxb, a* they art Und cnoo^ to remail^ 
They wonda what the mechanism of these dbaodationa may be, bat wlthoat 
oSMing any defiohe theory they ic}cci the csidaQatlon tn terms of nn^gn^t 
ToloamUlity 
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interpretation of anatomical structure Ramon y Caytl 
would place the rcceptiae apparatus for pain, touch and 
temperature In the laj cr of the medium sired pyramidal 
cells, whence sensattons would pass by special tracts 
into other areas, where they are organiied as memories * 
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Fig ii Dugram of the ■rchitectook: of the motor cortex O^ft) 

*nd the ictuory cortex (right), after Brodroann. 

Id the motor cortex, tc note the gUnt Betx cclU it the bojc t4 V utd 
the ibretice of Utct IV } fa the icijOTy cortex the Uyer of the greit 
pTTifflkUl cells b leu drreloped bet hyer IV uhes is Importsnt pUee. 


The psychological theory is questionable and the 
localization cannot in any case be admitted, since these 
receptions would occur in the ascending frontal con 
volution, which has an exclusively motor function 

t S. Runxi y Ci)i] StmJitH iitr iu ITimrimlt 190a 
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Rouvi^re, in an interesting essay on the cerebral 
cortex/ calls attention to the importance of the granular 
layer, which is absent only in the motor area, and is 
very well developed in the sensory area, intersecting 
the layer of large pyramidal cells these granules, 
according to him, collect sensations [and transmit 
them to the sensory cells proper In fact, it is in the 
granules that the projection fibres which bring in the 
sensory impulses terminate, and the prolongations of 
these small cells, which often rise as high as the super- 
ficial layers, encircle the body of the medium-sized 
pyramidal cells In the small and medium pyramidal 
cells would be grouped elements simultaneously per- 
ceived, in such a way as to occasion a judgment of 
recognition. In fact, the close interrelation between 
prolongations of the various cells, and collaterals of the 
terminal projection fibres, allow very rich associations. 
But the author’s conceptions of function are singu- 
larly inadequate, and it is impossible, at present, to 
rely upon them as a basis for an investigation of the 
role attributed to the different cellular elements in 
connection with operations which can hardly be regarded 
as confined to the layers of cells in one small area of 
the cortex ® 

We would only note in this connection the consider- 
able area occupied by the third layer of the cortex, 
containing small, medium and large pyramidal cells, 
above the fourth or granular layer, which is also very 

i H Rouvi^re, “ Essai sur le fonctionnement de I’dcorce c 4 r 4 brale,” Btill 
et M&m de la Soc d’ Anthropologic, igig, VIII, pp 40-66 

® In a general way, the middle layers seem to be the seat of connecting 
neurones (incito-associative sensory reception, for evample), the superficial 
layers seem to be mvolved in the intellectual associative functions, and finally 
the deep layers, the first to appear in ontogenetic development, where the 
projection fibres enter the cortex, seem to serve for the production of the 
fundamental cortical reactions, and, m particular, of the cortical reflexes 
J Shaw Bolton, “ A Contribution to the Localization of Cerebral Function, 
based on the Climco-pathological Study of Mental Disease,” Brain, XXXIII, 
pp 26-148, “ Amentia and Dementia, a Chnico-pathological Study,” 
of Mental Science, 1906-07, LII, pp i, 221, 427, 711, LIII, p 84) 
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highly developed This suggests the possibility of 
specialized strata for the connecting neurones Influenced 
by different receptive paths, so that the symptoms may 
vary according to the region most affected by any 
lesion But it is also quite possible that the variation 
in vulnerability is related to the nature of the con- 
necting neurones, to their own metabolism rather than 
to their different situation in the depths of the cortex, 
if indeed these various groups of neurones are not 
juxtaposed in minute islets, rather than superposed 
In any case, the reception of all forms of sensibility 
undoubtedly occurs at a level of the cortex which 
corresponds to a definite area of the body, and there are 
no groupings for different forms which can be macro- 
scopically isolated, since their unequal susceptibility 
occasions variable dissoaations affer cortical lesions 


3 Pentptxvt Funetim^ and Rtctpitw Co-ordinntian 

Perception is more affected than sensation by cortical 
lesions of the sensory area. But is it legitimate to moke 
a radical distinction between sensation and perception? 
In reality, any impression whatever implies a perception, 
of varying predsion but undeniable If 1 am touched 
on the nght arm and 1 feel something, I can at least 
indicate the approximate region of the body involved, 
if not the ex act place of the contact. I do not confuse 
the foot with the head, and 1 am sure that it is a matter 
of a contact, not of an odour or a light, even without 
being able to state the exact nature of this contact As 
soon as a sensauon is definitely felt an excitation 
received really is occasiomug an associative reaction 
which Includes the evocation of representations and 
verbal symbols, the taking of attitudes, and, if necessary, 
motor reactions But when we apeak of perceptive 
function we are referring to high degrees of this function 
of elementary thought, which have become delicate and 
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exact, as distinguished from the crude manifestations 
which are never absent if there is really a definite 
sensation. 

Now, just as finely graduated movements are always 
rendered impossible by injuries of the incito-motor 
region of the cortex, so with lesions of the incito- 
associative area it is the precise and finely differentiated 
evocations which are the first to be affected and the 
last to re-establish themselves, provided these lesions, 
while causing more or less permanent functional 
disturbances, have not involved definite destructions 

If a point on the wrist of the right hand is touched, 
and then another very near it, and if the connecting 
neurones excited in the cortical area each bring into 
action a definite associative circuit and accurately call 
forth the appropriate representations and reactions, each 
of the points will be perceived as distinct from the other, 
and will be localized with fair success by a gesture or 
a description m visual terms 

In order that these highly discriminative associations 
may be possible, there must be in the inter-connection 
of the neurones a sort of exact syntonization between 
the neurones of the circuit, in conformity with con- 
clusions which certainly seem to be implied by the 
latest view of elementary nervous functioning, in 
consequence of the researches of Lapicque and his 
pupils ^ 

But when even a slight disturbance occurs in the 
functioning of a neurone, there is an alteration in its 
own appropriate coefficient of emission of impulses, 
and this alteration, correlated no doubt with a modifica- 
tion of metabolism, will show itself in its relations with 
the other groups of neurones : it will no longer be 
selected, as it was before, and it will act in an 
unqualified way with a more intense operation on the 
various groups of neurones , a precise redirection of 

^ See later, in Chapter V, an outline of the principal data on the funcbonal 
operation of the neurones in the selective reactions 
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Its associative impulse will no longer be possible 
Thereafter, localization will become uncertain and dis- 
cnminabon ^vllI require stimuli which are so far 
removed that the corresponding connecting neurones 
can no longer so easily intermingle their respective 
ill-directed evocations 

It IS dear, then, for a given category of sensations, 
that so long as what we call crude sensibility is not 
noticeably diminished and the usual Intensities of excita 
tion are still capiable of provoking a response perceptive 
power may be affected and the selectiv ity of the response 
may lose its precision * differential sensibility, which 
though quantitative Is more especially qualitative, and 
which IS the basis of cerebral functioning and really con 
ditlons all mental processes, is first and most seriously 
affected 

But in the dlssoaations we have mentioned, a given 
mode of sensibilit) may sometimes remain sufficiently 
unaffected for even its perceptive functioning to be 
satisfactory — for example discrimination betueen two 
cutaneous contacts or two hot or cold stimulations etc. 
On the other hand, analogous perceptions result from 
different forms of sensibility disenmination between 
two superficial contacts may be difficult and unqualified 
while that between two painful pnek stimuli remains 
delicate localization of a light contact may be uncertain 
while localization of a deep pressure Is still fairly 
accurate. 

An examination of the perceptive functions requires 
expenmental precautions rarely observed with sufficient 
care in clinical experiments. 

Finally, there are perceptions which require the 

1 tn cortktl Injuria, at kail tn tboae which do not IdtoItc toy ottenriTe 
OT Ttty complete destrucUon*, Ibcre may be a re-education of percopdoo, 
which Gnham Brown bax deacribed espedallj with retard to localixatkai 
in war axes. {Cf T Gcahaai Browro and R. M Stewart, On Diatutbaocea 
of the LocaHiatiDC and Diacrimlnation of in of Cerebral 

Lealcm, and oo the Poidbdity of Retsyrtiy of tboe Funetkaa after a 
ProcenofTrainlne,'' Jrrti 1916, XXXIX pp. 345*454) 
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participation of at least t\\o forms of sensibility, namely, 
perceptions of shape, in active exploration with the 
fingers. I recogni/e a cylinder w'hich I feel in my 
hand by the even pressure on the pulp of my fingers 
when I roll it, while my Icinajsihctic sense gives me 
information concerning the movements that I make 
in causing it to roll This occurs when I roll it in 
one direction, but when I try to make it roll in a per- 
pendicular direction I fail, and am aware of it* I find 
a single contact, I draw it towards me with a sliding 
movement, then suddenly a flexion of the finger is 
necessary in order to preserv^e the contact, and I find 
a new homogeneous surface, which I explore When 
the impressions appear symmetrical!} the same at both 
extremities, all this complex whole arouses the repre- 
sentation of the cylinder 

But if my kinmsthctic impressions become very crude 
or are almost abolished, my aw'kw'ard exploration, 
though my tactile sensations retain their delicacy, will 
not allow a satisfactory identification , I may sometimes 
guess correctly, but I shall make errors If my tactile 
sensibility alone is affected, I can still, even with crude 
impressions, obtain very exact ideas of form, so long 
as my kin^esthetic sense remains delicate, especially if 
sensations of deep pressure supplement the superficial 
contact But if I am completely deprived of tactile sensa- 
tions and sensations of pressure, I shall no longer per- 
ceive forms. Also stereognosis, the perception of form, 
can frequently be diminished or abolished in cortical 
lesions which sometimes — indeed, usually — involve the 
loss of kinsesthesia, and sometimes the loss of tactile 
sensibility, when the two forms of sensibility are not 
simultaneously affected But, in certain cases, it has been 
noticed that stereognosis alone has been abolished, and 
its abolition has been connected with certain parietal 
lesions Is there then a stereognostic centre, analogous 
to the centres of elementary sensibility, as certain 
authors think — Senise for example, who, moreover. 
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would place it In the ascending parietal convolution?* 
It Is certainly true that stereognosis is often less exact 
in panetal injuries, without lesions of the post Rolandic 
receptive convolution, and is generally accompanied 
by very little delicacy of discrimination and tactile 
localliatlon 

This might be simply a distance effect on the receptive 
area, a slight Injury reappeanng In the most delicate 
and susceptible perceptive functioning On the other 
band, It is certain that the panetal region is that of 
the association paths emanating from the receptive 
station, It is there that the association circuits include 
the greatest number of relay neurones and switches A 
cortical lesion m this region must therefore necessarily 
provoke in these assoaation circuits a disturbance of 
‘tactile thought, and hence of spatial representation 
of the skin and the power of recogniilng shapes 
This does not mean that we may locate there the 
‘ centres of perception as distinct from the centres 
of sensibility Perception Is a complex dynamic aa 
which Is not readily located but the dynamism has 
a support, and an injury to the chief nerve tracts 
in a given region will inevitably produce functional 
disturbances 

But IS there nothing further? 

A key Is put into my hand I say “ It is a key I 
have not even examined its shape, I recognize it immedi 
ately And, if I analyse my impressions, I only do so 
afterwards This is a ‘gnosis, the recognition of a 
common object, as distinct from ' stereognosis, the 
perception of shape, though they are commonly con- 
fused And in fact, in certain cases the shape is 
correctly perceived and described, while the object Is not 
recognized nor can Its name be recalled, and It is even 
impossible to indicate, by gesture or by appropnate use, 
that Its practical employment and purpose are known 
But at other times, with very defective perception of 
1 AnmN ii 1918, XXXIV pp ijj 144, 
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shapes, common objects are indicated, bucccssfiilly 
guessed ^ and corrcrlly handled 

Here we are far from the sensory area, and arc 
entering the intellectual area* the selective associative 
reaction, aroused — sometimes erroneously — by various 
sensory signs (the coldness of the metal playing an 
important part, for example, in the perception of the 
key) and characteristic of the concrete idea of the object, 
IS easier and quicker than the perception of its shape 
constructed on a complex synthesis of immediate im- 
pressions 

For these common objects immediately recognized 
and automatically named — though confusion is often 
easy — we must admit the existence of a co-ordinating 
station which is quite ready, under the influence of 
certain definite stimuli, to put into operation the usual 
reactions, a word, an action or a posture An injury at 
the level of this co-ordinating station ^\ould thus involve 
a pure ‘ agnosia ’ and ‘ an agnosic apraxia,’ the incapac- 
ity to make the movements required for the handling 
of an object (pen-holder, scissors, etc ), but only because 
the object is not recognized , and all this occurs without 
sensory disturbances, with correct perception if the 
incito-associative area is not damaged, and w'lthout 
motor or general intellectual disturbances - With 
regard to the exact location of this gnosic co-ordination 
centre (which would be a true centre of perception or at 
least of symbolic perception), the data relative to pure 
agnosias, unfortunately very rare, suggest that it is 
situated in the parietal region of one hemisphere only, 
usually the left Gnosic disorders frequently accompany 

^ In his descnption of ‘tactile blindness,' Niessl ^on Mayendorf nghtly 
distinguishes loss of perception, accompanying antenor cortical lesions, from 
loss of the power of identification and of associaliie e\ocation which 
charactenzes more postenor lesions (" Tastblindheit,” Zeitschn/t Jur die 
gesamie Neurologic, 1919, L, p 82) 

2 There are in fact deinential agnosias which constitute only one of 
the symptoms of intellectual injury or general inadequacy of associative 
functioning 
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general disturbances of symbolic thought of which 
general aphasia la the most obvious tnanvfestaUon, and 
also certain disturbances of verbal symbolic co-ordina- 
tion upon which we shall have more to sav when we 
come to discuss the cerebral function of language 

4 , R6U and Stgmficance of Cortical Rectption tn the 
Senson motor Cycle 

When a sensory excitation reaches the cortex, it has 
already entered into connection with a series of super 
posed centres of reflex association and has called forth 
groups of appropriate local or general reactions, con 
nected with the cycle of vegetative life or even on that of 
integrative action 

If 1 step into cold water, 1 feel well-defined thermal 
sensations , but before calling forth the assoaative 
reactions and reflexes of recognition, the cutaneous 
excitation has aroused at the level of the spinal cord and 
the bulb vaso-motor and thermogenic reactions the 
blood vessels of the lower limb have undergone a rela 
bvely intense constriction the production of heat 
liberated in the organism by the liver and the muscles 
has been increased and a bnstling of the hairs has 
produced ‘goose-flesh All these manifestations will 
persist even when I do not perceive the cold, and even 
though the intellectual reaction, the registering of the 
expenence for the future, be lacking In the absence 
of any transmission to the cortical centres of excitation, 
If the foot Is dipped mto boding water, a retractive 
movement will occur in the lower limb and if it is kept 
there, movements of the other limb of motor agitation, 
will succeed 

Let us note the behaviour of Dusser de Barennes 
cats, with the cortex removed but the sub-cortical centres 
and thalamus still intact they withdraw their paws from 
cold or hot water, but only when the water is very cold 
or very hot, and after a considerable time , they react 
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when their hair is touched, avoiding an obstacle, after 
several days of adaptation, directly then whiskers brush 
It , they w'alk correctly, w'lthout ataxia, move their ears 
in response to a w’histic, and protect themselves w'hen 
pinched, but aw^kwardly, with faulty localization. 

Thus — w'lth a minimum of precision in the reaction, 
which remains momentary and ceases w'lth the stimulus 
instead of influencing the later behaviour of the animal 
— the decerebrate cat presents responses which are 
not only vegetative but also integrative, not only partial 
but also general. 

Whether this implies psychical activity need not be 
discussed, if by ‘psychical’ we understand a conscious 
reverberation — for the problem is insoluble. AVe can, 
however, affirm that it docs not involve association, 
with that awakening of imagery, that complex elabora- 
tion of reactions, which may be regarded as characteristic 
of psychical life. 

We may assume, therefore, that these sub-cortical 
responses remain just as foreign to psychical life, to 
thought, as the thermogenic and vaso-motor reactions, 
and that, furthermore, when cortical functioning is 
ensured, an inhibition of these responses allows only 
the precise and elaborated reactions of the higher area 
to persist ^ 

But another question arises, as a result of the classic 
experiments of Head Are there not among the sensory 
excitations that arouse unqualified sub-cortical responses, 
some which, instead of ending in the receptive centres 
of the cortex, cease at the lower level, and yet are the 
object of knowledge? Could the knowledge of these 
stimuli occur at this sub-cortical level? This Head 
seems to assume , but knowledge at once implies a 
certain associative reaction, a direct involvement of the 
circuits of the higher area Hence it seems certain 
that the thalamus, where some receptive impulses 
terminate, must contain associatively incited neurones, 
less numerous and less susceptible to fine shades of 
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evocation, but entering into relation x\ith the whole 
intellectual area of the cortex 

Just as there are direct rclauons between the associative 
area and the incitomotor nuclei of the intermediate 
levels, without passing through the incito-motor station 
of the cortex, which are revealed by persistence of 
voluntary motor behaviour after the destruction of this 
last station so we may assume that there are direct 
relations between the subcortical receptive nuclei and 
the assoaative area, and not passing through the 
cortical receptive area. 

And, in fact, the destruction of the receptive statiqn 
of one hemisphere fails to suppress completely either 
the immediate reactivity or even the knowledge of the 
cutaneous or deep sensory exclutions, as shown In 
verbal reaction or adaptive behaviour 

Perhaps even the real loss of sensibility might be less 
if there were not certain possible distance reverberations 
from the terminal exhaustion, reaching to the nearest 
of the lower levels 

Minkowski s monkeys with the ascending parietal 
convolution removed, and someuraes the rest of the 
parietal lobe as well, showed a quantitative but more 
especially a qualitative diminution of the tactile sense, 
of sensibility to cold and heat the thresholds were 
higher, the perceptions cruder, and the localiration 
incorrect Inn$sthctic sensibility was disturbed but 
sensibility to pain was hardly affected, and in particular 
the localization of the painful excitations remained 
fairly exact. In the case of man, in the most complete 
cortical heralanassthcsia, strong pressure is still felt, 
there is awareness of intense cold and excessive best, 
while sensibility to pam — though it may be diminished 
or retarded, often to a remarkable extent — is never 
abolished, especially for stimuli other than pnclnng 
(pinching or burning) 

We must then assume a sensory knowledge which 
docs not imply that the connecting agents of the cortical 
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r(’(tpti\( an ,1 rnl*'r th* ( trt mt' of iIk ,i'.' o( i.itivc an a. 
A SI ri( s of a'.-sot i.ilioii p.itli* lin! inj' thi thalamus v.ith 
(hfiiniU h'vth of tlu «ort»'^, and othi r> , ifutrsil), 
conni ( timj thi i ort< \ to tho ihalatnu' , tnal i tins diroct 
rcl.ilion .inatondi vlly possihh , in adflUton to thi’ s\si< m 
of pro)((tion fibri s v htrh londurts si jisor) inipuls<’s 
lo llu' (orti'\, whirl' thi) ari ihi tnsi Im s transtntitid 
from ncuroni’ to nt tirono at thi ihfti null livils whi.ru 
n’flt’N < o-ortlinaljon tal i ^ {ilai »* 

llow thru dot sill idiont'<ui of thi* dt\ iston hi lutcn 
thalanor and corlu ,d n 1 1 ptton in ilu dtfiin.nt forms of 
si’nsd)dit) ? 

Without I'nti'rimx into ihi* di’tail* of the farts widrh 
he has recorded v itii sui h fon i and ori/^Mnahl) , lit us 
briefly indicate the main linf of tin • ) sti rn v. hirli he 
has p^raduall) elabor.iied, ihoupjh wi shall not be able 
lo accept It in its entin t) 

'I'hc facts ha\<’ i ni( rqed from .in espi rinu nt.il anal)Sts 
— conceded on purel) ph) sioloriral lines — of sensor) 
disturbances due to injurii s of pt ripheral nerves, spinal 
conduction tracts, bulbar tracts and sub-corlical centres, 
and of the cortex itself.* 

Injur)' of a peripheral nerve rc\eals curious dis- 
sociations of sensibility which a bold experiment — since 
repeated by various physiologists — enabled Head to 
observe very closely A sensory nerve of his forearm 
was divided (the external cutaneous nerve, and the 
superficial branch of the radial), and during the experi- 
ments conducted by his collaborator, the late W H R. 
Rivers, a well-known psycho -physiologist, he noted 
the initial state of sensibility in the area rendered an- 

^ Cf W H Ri\crs T-nd Ilcnrj Ilcid, “A Human Expenment m Nerve 
DiMsion,” XXXI, 3, 190S, pp 323 450 — Head and Siicrren, “The 

Consequences of Injur}’ to tlic I’criphcral Ncracsin 'hWn,” Draw, XXVIII, 
2, 1905 > PP 116 33S — Head, Rners and Sherren, “The Ancrent Nervous 
System from a New Aspect," Brain, XXVIII, i, 1905, pp 99 115 — Head 
and Thompson, “The .Grouping of Afiercnt Impulses mthin the Spinal 
Cord,” XXIX, 4, 1907, pp S 37 ' 74 i — Head and Holmes, “Sensory 

Disturbances from Cerebral Lesions,” Brain, XXXIV, 2 3, 1911, pp 102 254 
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xsthetic and its neighbourhood and then the stages 
of Its return during the ncr\c regeneration He dis 
tinguished, besides the deep scnsibjlily to (ouch that 
persisted despite supcrfidal amisthcsia, two tjpes of 
cutaneous sensibilit), *prolopathic and 'cpicriiic.' 

Thus heat and cold can be felt b) either sjstcm 
Protopathlc sensation — the first to reappear dunng re 
co\ery — requires a very great dificrcncc In temperature 
between the stimulus and the skin the sensation evoked 
IS very painful and diffuse, and badly localized there is 
no delicate differentiation of intensity especially when 
epicntic sensibility has not yet reappeared, its painful 
and even intolerable character provokes vigorous re- 
actions. 

Sensations of heat and cold subscr\*cd by the cpicritic 
system ore evoked by slight differences In temperature 
The sensations are indifferent vrell localired and deli- 
cately graduated 

Cutaneous exatation with (he point of a needle when 
protopathlc sensibility alone has reappeared, produces 
also a N-aguc and dilhise impression very painful and 
badly localized j on the other hand, after a return of 
cpicntic sensibility, the contact is accurately localized, 
discrimination between the contacts of two nelghbounng 
points Is delicate and the painful impression Is, to some 
extent, inhibited. 

The conductors of the two vanelics of sensibility arc 
distinct in the main nerve-stem, the protopathlc con- 
ductors behaving In a different way, dunng recovery, 
fixim the epicntic conductors 

In the spinal cord, a regrouping of the sensory tracts 
t ak es place , the conductors of the thermal sensations, 
epicnoc and protopathlc, are reunited and travel to- 
gether and in thermal aiuestbesia for cold or heat alone, 
or for both heat and cold, we no longer find the feature 
which we observe in lesions of the nerves. 

On the other hand new features appear j cpicritic 
sensibility travels by different paths from discriminatory 
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sciisibilily (in lh( i.ition of Iwo points) ,intl from 

stcronpfnosis, with ^\hIch tin* paths of d( op kinc'cslhctic 
sensibility are related. 

In the brain-stem and the thalamus the features of 
peripheral prolopalliu and < pirnlir si nsattons n appear, 
and new char.ielers are found in epierilir lactih sensi- 
bility , the apprerialion of roughness and localization 
may be separali ly .iffeeted. 

The termination of the various sensibilities confirms 
the diss(}( laiion Epirritic sinsibility to hot and cold, 
which IS not dissociabU , epuritic touch, discriminatory 
and stcreo|:jnostic sensibilit), lorali/alion, and kin- 
mstheiic sensibiht) ascend as f.ir as the rortc\ Pro- 
topathic sensibilil) to hot and cold, cutaiu ous pain, deep 
pain, the tactile appreciation of roughness, and the 
appreciation of Mbration throufjh bone, pass no further 
than the thalamus We can fcroup these data diagram- 
matically — 
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But this interesting arrangement cannot be accepted 
in all Its details On the one hand it is constructed 
as though we were dealing with elementary sensations, 
and introduces complex perceptive functions which 
would never be supposed to have medullary or bulbo- 
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mesencephalic conduaore discnminatlon, or sicrco- 
gnosis, localirailon and ihc idea of roughness or Icxturc 
of bodies. Such distinctions arc based on the inter 

pretation of certain disturbances (particularlj in Urown 

Silquard sjndromest) uhich b) no means bear out the 
conclusions that Head has drawn from them 
On the other hand, numerous anaijscs of nenous 
lesions dunng the war and tepeated espenments in the 
autosection of sensor) branches present our admitting 
Head s protopathic scnsibdit) in tlic exact form he 
has gis cn iu* 


* Brown < tjntJrmne It dw la • I finivmvon of iSc tj n»l ertJ 

ill lirtcoodocton of th< rcht ot ol ihc left tide Mofi »nlcrrofnrJ \» the 
cnodoclon of »b< nrknn fa « ittt iht rffr»itie haUof lb« plnil 

cord at diffacnl Icttls uch • tetOoft iotrttofii the botmdatrr I tt»cl* Dot 
ytt cwted aod the hetaoUlcia) liaett aftrt n nwric Both haWrt eJ the 
tioJy ait tbea affftted hot Cor dt^ctni aco iWUitt. T etdt hnr*r» ton* 
boweter ait d Idtd Into t*o Uiodt«, cot «f whith eiosvtt aoun at h 
CTiten ibt tfloal cofd whit the otbtt aKttvd « iht ume udtj tbete li 
Dercr ■coopleteahol do«of toodt t tbelecittalHy oitbt Wndlnin olm how 
nrr aa almost corapltie abobUoe of ide d a tJI hi la^oty to the other 
aid ablch I toot^h to di tarb dtvnmioaiMfl and ce-einung 

the Uimtbttie tajary aUJlthe* attitr^iwmit. Thci can 1* no qacttion of 
dnJtnc tptoal condvetort of drtcrlminatK>o for Ihh ocran «ilb ftKlly yaln 
Imfceatloo of hot ^nd cold or dtef fret are a weft at «nih tactile itiBun 
11 fVrao ** I>e li diteriaitutua t{iiiisle dot muUcmt tbcfrrk]aei. 
S« Importanci poor U iWorie efaftaJe de U di«cnminaiion njunfe C f! 

Hn! p 1919 LX\X[f pp. C Spranrun Aoalyth of 

Localiralion iUattnted by a Urowo S^<B»rd Cate BrUnk JnrmjJ t/ 
rtythtUff 1905 I Ji 3S4 314). 

* Cf llarrey Carr Head • Theory of Cmajieoot SeatiUlily 
<*1 Bmew X916 VMir 4 pp. j6j ayS |DUen ibob— H to* Frey 

HeobadnoDcrB an llntfllchea mlt ceacMdJctcr Inoervalloo," Zftttckr 
_/ 3 f BitL 1914 LXin pp. 335 jyo (An eaaiain lion of the catancoot area 
with aa anomaly of loDerratioo).— F Ilacher Ela DeiuaRiBin Slpdira 
dcr »oo llaotserreo Z. / 1915 BXV pp. O7 78 

(Study of the loioo cf a Dwre of tbo foteana by aa iajeciioo of Iodine).— 
W Tnytex aod II JL Darica, Eapcrtaeoial Stwlka in the Innerratloo 
of the SUn," /«rrwa/ a/ /’i/r/a/a£y 1909 XXXVIII pp. IJ4 346} The 
Fccaliariila of Senafbnity found in Cutaneooa Areas tuppikd by Rctflieralioc 
herm," JmmmljVr ar«f Arwna^byw 1915, XX, Er^ Heft l, 

pp. 103 150 (Importaiu ttaearchet with e pciimcDtal la rrs|tnH 

•objecu of aereo dlflerent culaaeoci OCTTobnujcbes all the wnsewy faoalofta 
madeaparalldreai^wartncebmtberawarcpbeoeiiQcnaoflnleaificatlco aad 

a distorbaoce of refrrema).— E C Borlsj; CoUneous Sctualicn after 
Kerre-dWikHi,’' Qm^rUHj Jtmnul «xftrimtnt€l IkytkUtj 1916, X, 
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From these results we see that beyond the hyper- 
algesia which appears in regions deprived of their 
normal innervation, cither at the beginning or at an 
early stage of regeneration, we can give no evidence 
of really distinct protopathic sensibility 

To sum up . there is a pain sense which is called forth 
by extreme heat or cold (Boring), which corresponds to 
Head’s protopathic sensibility and is a sensibility to 
burning of a specific character ; there is also a deep pain 
sense which is not abolished by section of the cutaneous 
nerves, and a cutaneous pain sense of prick (not con- 
sidering a possible cutaneous sensibility to pinching or 
bruising) Mead’s observations are doubtless forms 
of pain sense, or rather of algesic reactivity, affective 
and very intense, such as is revealed by ‘causalgia’ in 
peripheral nerve lesions.^ 

And this vague, diffuse and intolerable pain-reactivity 
seems to occur in certain thalamic injuries, evidently of 
an irritative character, in consequence of cerebral lesions 
Hemiansesthesiathroughlesionofthethalamus, interrupt- 
ing the projection tracts which enter the cortex after this 

PP 1*95 (A study of 'lutoscclion of the nntenor brinch of the internal 
cutaneous ncr\c of the forearm, introspecliae distinctions, the preservation 
of deep impressions , no protopathic dissociation , phenomena of hj’pcralgcsia 
in regeneration, especially for thermal stimuli) — L T Pollock, "Nerve 
Overlap as related to the Rclatucly Earl) Return of Pain Sense following 
Injury to the Peripheral NerNcs,” Journal of Comparative Neurolog)', 1920, 
XXXII, PP 357-378 (Obser\ations on 500 cases of peripheral nerve lesions 
The early return of pain sensibility is connected with a hyperalgesic pheno 
menon in the region of adjacent nerves) 

^ In causalgia, there is an irritation of sympathetic fibres — in a ery capncious 
directions, following the trunks of the nerves, and particularly the artenal 
coats — causing extreme erethism of the centres of painful reactivity, avhich 
very easily reaches a crisis under the influence of sensory action'' and even 
under the influence of psychic action The pain seems like burning (Weir 
Mitchell’s ‘ thermalgia’), which suggests that this form of pain — combined with 
Head’s protopathic thermal sensibility may be transmitted by the unmyelin- 
ated sympathetic fibres {Cf W Ranson, "Unmyelinated Nerve fibres as 
Conductors of Protopathic Sensation,” Brain, 1915, XXXVIII, 3, pp 
38 1 389 — Ranson and Bilhngsley, " The Conduebon of Painful Afferent 
Impulses m the Spinal Nerves,” Am J of Physiology 1916, XL, pp 571 * 
584 - — Tmel, " Contribubon a I’^tude de I’ongine sympathique de la 
causalgie,” Rev Neu o^ogtqtie, 1917, XXIV, (2), pp 243-255) 
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last stage, is usually accompanied by frequent painful 
crises, the pain remains diffuse, indeterminate, and 
localized very badly or not at all, as in causalgic crises 
and in general is of a very distressing character * 

These data, even if they somewhat modify Head’s 
general scheme, are in any case in full agreement with 
the pnnciples on which it is based The thalamus Is a 
centre of affective reactivity to sensory stimuli, while 
the cortex is an apparatus fordiscnraination * 

Before determining the particular functions of the thal 
amlcand cortical levels, in the elaboration of responses 
to stimuli, let us diagrammatize ina revised form the data 
relative to the prinaple divisions of general sensibility, 
which might be classified, in accordance with Sherring 
ton 3 grouping, as ‘ propnocepiive, when they give 
information specially concerning the modifications under 
gone by the organism (painful sensations or kinaathesia), 
and ‘ exteroceptive when they give information especially 
concerning an extenor agent (touch or temperature) 

The thalamus, which in the lower vertebrates deprived 
of the cortex ensures the general reactions of the organism 
and the elementary mental functions* possesses an 

I S«e, r« example, the obcemtloof of Ftn/e-DexoBeo ud 
Syndrome tbahmlqgg crtvmaHqoe, hturtltfipn 1918 (\XV (to) 

7-S,pp. lo-i4)uKlofGaQklii( Syadromo thalimlgaecoia^tif tane blqigTC 
defnerre, BulL S 4 c. IsltdictU ia Btpiaia 1917 XLl pp. 

* Tbeae raerrxtktiis u to tbe exitteoca of Ue tlr^UmL- iduoTj ccatrcs bare 
been adopted by rierre bixrie end Booukr wbo edmil affectire rererben 
doo oolj at the lerel of ibe ih*kmai Ota dlnkal retemrefac*,*' tbej aj 
rendt la coodarfoni screelDC oo the vliolc, with tboR of Pliten " 
{hc.ci/ p. 144). 

■ C. J Hmfck, who aHon lint the cortex co-ordlulei rad latccimlci 
nb^oTtkii drailts, In wbicb tbe Hinotj dxtx becoroe inspnjptrted with 
thtlrmk mffecriTe clemcntt, vnonc the higher munanlt, cocnldcra th«t nsoeg 
the tow er Tertebnte* (firhei xod beetneixM) the Unlunoj U-Om organ of the 
higbest amodatkm (adaptatkm and the rudiments of anodaUre mtmorj) 
goranied by cmell and light, Edlnger's neotbalamta appearing u a rextlbale 
wind, estxbihhes coqmroTikatVm with the cortex \C/ C. Henldl, 

Some Reflecdoos on tbe Origin and Significance ^ the Central Cortex, 
Jntrwml ^ Anim*l J913 III 3 pp. »M J36.— ** A Sketch of the 

Origin of the Cerebral Hemlsphaei, / JfntrtUgy 1921 

XXXII 4, pp. 429-454.) We may alao note ItaUtn the case of tl« decerebrate 
cat (Dqskx ^ Barenne) the existence of tha thalaimis ■TilTn.t to 

team to arofd obcacles, £tom the data fondihed by the wUsken. 
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affective excitability in relation with the profound 
biological tendencies of the organism, among the higher 
mammals, indeed, it seems to preserve this role of 
affective regulation, whose importance in the behaviour 
of the organism and mental life is so often misunder- 
stood ; we shall return to this point. 
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In this diagram, when the line depicting the paths of conduction forms 
an angle cut by a diagonal line, it indicates that the crossing occurs at this 
level— the passage from one side of the bodj to the other , the tactile paths 
undergo decussation at two dilTcrcntlcacls 


Normally the sensorj- excitations perceived by the 
cortex are accompanied by affective excitations aroused 
in the sub-cortical centre, and reappearing in their turn 
in the associative area vhere their influence must be 
considerable. In the mental mechanism, this special 
influence of the sub-cortical reactions would not be 
negligibU , since it is constantl) present. And con- 
\ cfM h , uhen normal equilibrium is not disturbed, the 
as^ocnti\e ana exercises a considerable inlubitory 
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influence on affective reactivity at a lov.er level We 
must remember, for example, the r6le that psychical 
inhibition or reinforcement may play in the reverbera 
don produced by an excitation. In itself very moderate, 
of the cutaneous receptors of the armpit or the sole of 
the foot, and known as ticklinp both In our intellectual 
reaction and our symbolic representation we thus con 
fuse the sensory excitation itself with the entire affective 
and motor complex which It calls forth. 

A sensation of ‘ pain Is also in reality a combination 
of sensation and affective reaction — a fact which is still 
often overlooked in spite of the Individuality given to 
‘sensations of pain by the analysis of sensory points 
and mcdullaiy conductors. 

This individuality proves conclusively that not all 
the receptors are capable of arousing a painful reaction, 
and also shows that certain receptors, when stimulated, 
produce a comparatively Intense affective reaction of 
modifiable quality, Itching or tickling — and perhaps 
even sexual pleasure also—constituting as a whole the 
first manifestations of the receptive systems of pain 

These receptive systems only enter into thought as a 
result of affective reverberation with the sole exception 
of pneking in which the character of discnmlnatory 
sensation reallred at the level of the cortical area is 
fairly well isolated from the painful reverberation (when 
this latter is not too exaggerated, as in the protopathic 
stage of nerve regeneration, in causalgia, the irritative 
thalamic syndrome, etc.) In contradistinction to deep 
pain through pinching and the irradiations of burning, 
pricking allows localiratlon and discrimination as exact 
and delicate as that of touch, although the receptive 
and conductive systems are entirely different and easily 
dissociable 

In the absence of the cortical receptive station which, 
thanks to the plurality of cutaneous receptors at the 
surface of the upper layer of the skin, permits of specific 
associative reactions producing local qualities, we have 
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only the indirect information furnished by the thalamic 
reactions to sufficiently strong stimuli, and by the dis- 
agreeable or painful impressions experienced in con- 
nection with special stimuli . ‘ exteroceptive ’ sensibility 
becomes a sort of coenaesthesia, and organic impressions 
(‘interoceptive’ sensibility) appear in all cases to arrive 
at the cortex only when translated by the thalamus, 
with Its own affective elaboration. 

When a limb is affected by cortical anaesthesia, in the 
absence of continuous small excitations, it is curious to 
note how far this limb is forgotten, unknown and carried 
like a foreign body. It appears to be paralysed,^ 
although Its movements remain possible and correct, 
and the paralysis even seems considerably more serious 
than in cases of hemiplegia without anaesthesia, where 
the patient, who is awkward with his limb, generally 
makes an effort to use it and is to a certain extent 
successful. Except under violent stimulation, which is 
rare, or where the thalamus recalls to the cortex the 
existence of the limb, nothing reminds the patient that 
this limb can still be made use of. This is in strong 
contrast with cases where the amputated limb is really 
alive, through the intermediation of the corresponding 
sensory area which constantly impinges on the associa- 
tive circuits of kinaesthetic and tactile thought, with its 

^ This IS the ‘ psychic paralysis ’ of Bruns, often noticed during the war, in 
pure and complete sensory monoplegias due to a localized lesion of the ascend- 
ing panetal and already recorded after slight injunes {Cf for example, Andr^ 
Thomas, “AbcJs du lobe parietal,” Remit Neurologtgue, 1913, XXI, 10, 
PP 637 652) 

We may observe that there is no real ‘ ataxia ’ in the movements of one 
limb when cortical kinaesthesia is absent , habitual movements are well 
executed, and the necessary control of the kinresthetic impressions is effected 
at the level of the sub cortical centres It is only when this control is lacking 
that ataxia appears Head has emphasized this sub corbcal realization of 
motor CO ordination through kiniesthetic regulation Cases have been recently 
reported of ataxia, through injury to the sub-cortical mechanism, coexisting 
with preservation of the power of movement and of superficial and deep 
sensibihty, in an incomplete cerebral hemiplegia {CJ" , Monier Vinard and 
Longchampt, “ MonopHgie brachiale dissocide avec inco-ordination motnce,” 
Remte Netirologique, 1922, XXXVHI, 3, pp 317-320) 
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memories of impressions. These latter are often aroused 
by the irritations which it undergoes, at the level of 
the scar, since the nervous conductors have remained 
Ih connection with the specific receptors ^ 

When cortical amesthesia accompanies the destruc- 
tion of the incito-motor area, the limb mav remain 
totally forgotten, os in the case of a monkey reported 
by Minkowski, where he had made a total ablation 
of the nght centro-panetal region “ If not only the 
right arm, but also the head of the animal was rendered 
immoveable, he says, *‘for three months It still did 
not make any use whatever of Its left arm, of which it 
seemed to be absolutely unaware " (A)c , p 419) 

The activity of the cortex Is essentially that of sensory 
discnmlnatlon But in consequence of observations 
dunng the war made in conjunction with Riddoch, 
Head succeeded In dividing this activity into a senes 
of special functions with autonomy and a very complete 
reciprocal independence* 

First of all, he claims, comes recognition of spatial 
relations, conditioning the three following processes 
the power of appreciating direction and amplitude of 
movement made passively, which is the moat delicate 
and the most susceptible of change discnmlnation 
between two contacts and localization of spots 
touched. 

Then follows a graduated appreciation of intensity in 
tactile excitation, vfery quicUy abolished in cortical 
lesions. 

Finally recognition of slmilanty and difference (in 
the size shape, weight and texture of objects) becomes 
individualized 

The three fundamental functions of the cortex would 

^ Cf Tono, Lei cricina da de 1 opice tmrriTg, H 

JnrH 4 l dt PiyiUi^ XVU 1910, pp. 87S-903- 

* H- Hc*d Stnmikm tod lb« Cenbrtl Cortex, Bmn 1918, XLI 
*» PP- 57 * 53 - — He»d ind G Rlddodi, Senioiy DbtartitiMxi in the 
Htnd foUcnrinc Injuria cf the Ctnhni Cortex, BrUitA Utiuml JtumeJ 
19x0, n pp. 78 *- 783 . 
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seem to be separately abolished or preserved in cerebral 
lesions. 

There is nothing astonishing in the fact that in 
disturbances of perception there may be a predominance 
of disturbances of the gnosic functions, in the apprecia- 
tion of contacts, or in spatial representation. But 
Head’s constructions in the course of his interesting 
experimental analysis have little homogeneity, and he 
still confuses purely receptive injuries (Icinaesthesia 
giving information on all passive movements) with 
processes of intellectual identification and associative 
recognition. He even neglects the incito-associative 
receptive function of the projection centres of the cortex, 
and after dealing with discrimination and localization 
as simple sensations with special conductors, he pro- 
ceeds to treat them as forms and aspects of a spatial 
function peculiar to the cortex, going thus from one 
extreme to the other. 

Head is really concerned' less with distinct functions 
than with elementary forms of tactile thought : spatial 
appreciation, graduation of intensity, and finally, know- 
ledge of the nature of the stimuli ^ The problem is 
one of perceptions which give place to more complex 
identifications, the representation of objects placed at 
the point of excitation, and the reconstruction of an 
external environment, with the support of data from 
the specialized senses. 

We are dealing here with types of associative 


^ The recognition of shape — as of the texture of objects — certainly seems 
to be a cortical perceptive function, and it is impossible to assume with 
Winkler that impressions of shape are formed in the thalamus, for tactile as 
well as for visual shape, bj combinations of cutaneous and kimesthetic data — 
or retinal and kin'esthetic data — and that they are transmitted to the cortex 
already elaborated, this view is based on observations of astereognosis due 
to thalamic lesions , but the disturbances in question could have been ex- 
plained by deficiencies in the elementary data from which the perception of 
shape IS elaborated {Cf Winkler, “A Tumour in the Pulvinar Thalami 
Optici A Contribution to the Knowledge of the Vision of Forms,” Folia 
Neurobiologica, 1911, V, 7, Mamul de Neurologie,!, Anatomte du sysUme 
nervetix, 1918, p 323) 
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reaction peculiar to the cortical system,' correctly 
opposed to the unqualified affective reactivity of the 
thalamus and usefully analysed by Head But It would 
be dangerous, on the one hand to forget that a receptive 
intercalation of sensory impulses is necessary before 
this reactivity Is possible, and that intercalation may 
Itself be abolished sometimes unequally according to 
the various types of cutaneous and deep sensibility 
and no less dangerous to derive, from these various 
types of cortical reaction, new entitles with true 
autonomy and complete independence^ 

^ In thQ geoeiml eoMcpdon wUch Pavlov baa comtnicted on the baria of 
bla voik on the eoodhkmed rdlgt bo teganla aa an mentlal fnncdon of the 
codex 111 receptive reic, which conaUti In analyting and ayntbeiltliig the 
aSerent ridtatlnffi. ( Die nomalo Tbdgkeit uyl allenodne KooatltadoD 
der Gmwhlmrfada, SJkoM^wn AnUr fiO' PkytUhgu pp> 
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VISUAL RECEPTION 

The influence exercised by visual impressions on the 
behaviour of the higher mammals is considerable and 
has greatly facilitated the study of the cortical receptive 
centres of these impressions by the method of partial 
extirpation, particularly in that, as contrasted with 
diffuse sensory impressions, the ablation of the cortical 
centres involves the complete suppression of total re- 
actions which are manifested in behaviour under the 
influence of retinal impressions. 

Except as regards experiments under unsatisfactory 
conditions, such as those undertaken to prove a theory 
by S. I. Franz, there is complete agreement among 
physiologists ^ An animal deprived of its occipital 
areas is really blind it blunders into obstacles, and 
does not react, by movements of the eyes, head or 
body, to diversely localized luminous stimuli, nor does 
It blink at the sudden approach of the hand ^ 

The pupil, however, reacts to changes in light, and 
under the sudden influence of a strong light, even 
without the thermal influence mentioned by Minkowski, 

^ When visual disturbances after occipital extirpation are transitory, it 
IS because the truly receptive portion has not been completely destroyed, 
as Kurzveil’s experiments have long proved (“Beitrag zur Lokahsation der 
Sehsphare des Hundes,” Arch JUr dte ges Physiol , 1909, CXXIX, pp 607 
625) 

“ Ablation of one of the occipital areas causes blindness in the hemi-fields 
of vision of both eyes situated on the opposite side (v 7 hich corresponds to 
the two homolateral hemi-retinm), each retina being in optical connection 
wth the nasal hemi-retina of one eye (■which represents two-thirds of the 
fibres of the corresponding optic nerve) and the temporal hemi-retina of the 
other. 

IW 

\ 
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it can produce a palpebral clo 3 ing^» characteristic of the 
* dnzT.ie reflex 

Apart from these two reflexes, which are dependent on 
subcortical relay stations, all the other motor reflexes 
produced by ocular impressions disappear in the higher 
mammals sJong with the adapted reactions. 

It has been possible to determine the visual area in 
animals, and the projection tracts followed, from the 
retina to the region of the cortex which adjoins the 
calcarine fissure and extends deep into the opening 



FiO. The ftritte area of Clltot Smith and Brodmano 
(shaded) remod the cokanoe tisaure CniemaJ surface of the 
right hemisphere). 


of this fissure Correspondences can be established, 
thanks to the degenemtion which follows partial lesions, 
between areas In the subcortical relay centres and the 
surface of the terminal receptive area.* 

When we turn to the consideration of man, disturb- 
ances of vision are sufficiently evident for occipital lesions 
to have been the object of much anatomical and patho- 
logfical study | and during the war particularly evidence 

1 CJ Rothmcin, Her Hand ohne Gronidni, CR. In Nrunt^iuJus 
OmnUIaU 1909, XXVHI, p. 1045,— Dwicf da Btrmpe, Artk, tUtri 
Pi 1919, IV p. 57 

* Cf M, Wnkoinkh Zar Phplologie do Sthsfditfe," PJt^^ Arciir, 
1911 CXLI pp. 141 yzj I tJebw dia Sahiinde and Qua Bcnehnn^'esi co 
den prijntren op H a ch en Zmtreft, DnAseJU Zriiteir I NtrvtnitUi iqia 
XXXV p 4J0. 
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was accumulated and remarkable precision was attained 
in the topography of the retinal projection on the cortex. 

I. Receptive Topogiaphy 

Von Monakow assumed that the projection fibres of 
the retina were scattered in a diffuse manner in the 
occipital cortex ; and his view represented a reaction 
against the extreme localizing theory ^ 

In opposition to this, Henschen declared in his 
remarkable work that the retina was projected in some 
way, point by point, on the surface of the cortex, that 
the upper edge of the calcarine fissure of one hemi- 
sphere corresponded to the upper quadrants of the 
halves of the retina; of the same side, and the lower 
edge to the lower quadrants, the base of the fissure 
representing the horizontal meridian ; and also that the 
central yellow spot had a special representation in the 
anterior area " 

Though his localization of the macular projection was 
inexact, Henschen’s other statements have received 
startling confirmation. 

Just before the war, in an important thesis, Monbrun® 
made a general review of the literature on quadrantic 
hemianopsia (54 anatomico-chnical observations), and 
recorded a senes of seven personal observations. He 
concluded : 

that the cortical centre of vision is localized and 
limited to the calcarine fissure and the adjacent 
cortex , 

^ C von Monakow, Gehtrnpathologie, 2nd Edit , 1901 

® Cf Henschen, “ La projection de la retine sur la corhaalitd calcanne,” 
Setnauie midtcale, Apnl 22, 1903 Henschen has recenUy reminded us of 
his share, which is too often overlooked, in the discovery of visual localiza- 
tion “ On the Value of the Visual Centre A Review and a Personal 
Apology,” Scandinavian Scientific Review, 1924, III, pp 10-13) 

® A Monhrun, UHemianopsie en quadrant. Pans Thesis, 19^4 
pnncipal observations made use of were denved from war cases, and were 
collected in the Russo-Japanese War by T Inouye {Die Sekstdrungen bei Schutz 
erletznngen der korticalen Selisph&re nach Beohachtungen an Verwandteten der 
letzten japanichen Knege, Leipzig, 1909) 
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that the optic radiations are divided into two bundles, 
independent anatomically and physiologically, 
a supenor and an Infenor , 

that the upper quadrant of the retina corresponds to 
the supenor bundle of the radiations, and is 
projected on the upper edge of the calcarine 
area (hemianopsia in the lower quadrant) ; and 
in\ersct) ; 

that the macula is projected on to the extreme postenor 
part of the calcannc area (hemianopsic macular 
scotoma) 

that the projection is the same for light, form and 
colour a partial destruction of the cortex or of 
the radiations determines a constant, absolute 
and definite hemianopsic sector 
Returning to the question in the light of the material 
provided by the war, he shows that all these conclusions 
have been verified ' 

In fact, among neurologists such as Pierre Marie 
and Cbatclin, and ophtbalnfologists such as Morax, 
in France as well as in England (Gordon Holmes, J A 
Wilson, Riddoch, etc-), Italy (Gidgnolo,* Pan, Trocello, 
etc-), and Germany (Poppclrcuter, Dimmer, Best, etc.), 
agreement is complete, and the topographical schema 
may be regarded os well established 
Thanks to an ingenious process by which projectiles 
which have entered the cerebrum in living patients can 
be successfully located by means of X ray photographs 
m two perpendicular planes, Pierre Marie and Cbatelin,* 
on the basis at first of 36 and afterwards of 40 new 
^ A- UoQbrm Lei h^miuopde* co qaiiiuil ct le entre b 

tUoo, Pnnt iliditmk OcL 1917 p. 607 

* There b ta exteostre bat nxj (ncDcaptcte UUlocnpby on rlrail db- 
tubtnccs doe to wv wo«nd> In Gricoolo, La leskni deU eppajito rblro 
nelle terlte dJ goerrm del cruilo, CtfrutU isSa R AcetJ di Mai di Tkrimt 
1919, LXXXII Mdoutree, pp- 3*98 

* Plem Merle end Qatriln, Lcs tioahlet rlsoeb du enx litkns dee 
Totee opUqies intn'C^r^tnlet et da k tpbire Tbodle eortkela Ham la 
bkanim dn ertne pei coop de fen, Rtw Mtmr 1915, XXII, pp. 8S1-915 
end AW i9t6,XXIll p. 138. 
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of visual disturbance due to occipital wounds, were able 
to establish : 

that the cortical centre of vision is localired in the 
calcarine fissure and m the adjacent cortex (the 
lower part of the cuneus and the upper part of the 
lingual lobe) , 

that the upper quarter of the retina is projected on the 
upper edge of the calcarine area (hemianopsia in 
the lower quadrant through cortical destruction) , 
that a limited lesion of the cortical visual area, on one 
side, produces a scotoma of a hemianopsic type in 
each half of the visual field of the opposite side ; 
that the macula is projected in the posterior part of the 
area in the neighbourhood of the tip of the occi- 
pital lobe. 

A little later, W T Lister and Gordon Holmes con- 
cluded from a study based on a score of observations ; 

that the upper half of each retina is represented on 
the dorsal (or upper) part of each visual area, and 
the lower half on the ventral (or lower) part , 
that the centre for macular or central vision is located 
on the posterior extremities of the visual areas, 
probably on the edges and lateral surfaces of the 
occipital lobes. 

The portion of each upper quadrant of the retina in 
the immediate neighbourhood of the fovea, together with 
the adjacent part of the fovea, has its representation on 
the upper and posterior part of the visual area in the 
hemisphere of the same side, and vice veisa ^ 

In the representation of the peripheral retina — the 
yellow spot excepted — the projection of the retinal 
quadrants has long ceased to be a matter of doubt In 
each quadrant, the distinct projection of each retinal 
point has been shown by small scotomata, small blind 
areas in the two corresponding retinal quadrants, pro- 

^ W T Lister and Gordon Holmes, Proceed of Roy Soc of Medicine of 
London, 1916, IX, 4, Sect of Ophalm , pp 57-96 
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duced by wounds duo to minute shell splinters, which 
destroyed only a minimal zone of the visual area, whose 
distribution corresponds less to the morphological design 



Fia 13. An obtervaticm of bodxootal bemitnoptU, hi the dcmble 
lower qiadrant (the bbod regkm In black), after Gordon Holmea, 
with dkgmms of the lesiona afleedng the upper port of the atnate 
area m the two hemispheres, whence the blindest in the two upper 
halves (co f r e sp onding to the lower visual fiddi) of the two retinse- 

of the cortex than to the <grto-archltectonlc structure 
(Elliot Smith 3 arta stnaia histologically studied by 
Brodmann or the so-called area with 8 cellular layers) ' 

I We iBcy recall that Brodmann {ytrfUUltndi LeiaMaii*ns — Uir$ dtr 
Grusksrmrtmii 1909), retaining the fundamental dlrisiaQ into 6 layea, dlv- 
dngoldiea In the ctm tiridit i the nnal lajer (Ca^al ■ plexlform) { a the 
external granular 3 the pTiasddal (small and iMdlnin pTramhlal) 4, the 


no 
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But for the central area of 
the retina the question is much 
more controversial . in fact, in 
complete hemianopsias, seem- 
ingly due to a destruction of 
the visual area of one hemi- 
sphere macular vision was 
generally unaffected 

These facts suggest the fol- 
lowing hypotheses . either the 
fibres of the macula mix with 
the peripheral fibres and ex- 
tend throughout the visual 
area, or even a little beyond 
(Dejerine, von Monakow, etc ) , 
or each macula is projected as 
a whole into the two hemi- 
spheres, so that macular vision 

Fig 14- Visual cortex (area striata) 
after Von Monakow 
The ^eat development of the commum- 
cation fibres is noticeable in parti- 
cular, beside the vertical medullary 
striae, the horizontal strata whose 
white matter is visible to the naked 
eye (the strata of Gennan or bundle of 
Vicq-d'Azyr) at Ilia especially (upper 
stratum) and at V (lower stratum) 
The enormous development of layer 
IV (internal granular with stellate 
cells) iVill be noted, and the reduc- 
tion of the ganghonated layer V (so 
well-developed in the motor cortex, 
with the Betz cells) 


internal granular which is divided into a superficial stratum, an intermediate 
stratum (the striate stratum of Vicq-d’Azyr or of Gennan, with large stellate 
cells, charactenstic of the visual area), and a deep stratum (small stellate 
cells) , 5, the ganghonated (with large pyramidal cells or Meynert’s single 
cells), and 6, the multiform, divided into an angular stratum (large cells uith 
a curved ascending neunte) and a fusiform stratum (tnangular and fusiform 
cells) In cases of previous blindness of peripheral origin, we note pro- 
portionally a considerable reduction in the 4th layer (Bolton) 
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itself can only be abolished in cortical blindness by 
double lesion, just as audition disappears only after a 
double temporal lesion ; or finally the macula is pro 
jccted in a less \ulncrablc area, which was located by 
Inou)c after examination of patients wounded In the 
Russo Japanese War, In the posterior part of the 
ocapital lobe (1909), 

The existence of hemianopsia with the inclusion of 
the macula, and, on the other hand of double hemi 
anopsia with persistence of central vision, of hemi 
macular scotomata b) isolated lesions of the tip of the 
ocapital lobe on one side alone, and finally of double 
macular scotomata due to lesions of the points of the 
two ocapital lobes, has shown that the last h> poihcsis 
was the onl) true one with this reservation that at the 
exact centre of the fo%ea, at the fixation point there is 
doubtless a mixing of fibres going towards one or other 
of the hemispheres, so that the destruction of a single 
visual area never abolishes vision in this central point 
This 15 analogous to what is established concerning the 
median line of separation of the innervation of the skin 
by each hemisphere And the region of macular pro- 
jection has been proved to be situated at the Up of the 
occipital lobe.' 

The fact that the macular centre occurs in this area, 
which is situated very low, near the cerebellum and the 
bulbar level, explains its slight v’ulnerabihty, at least 
in cephalic wounds compatible with survival j and this 
remains true, although the surface of macular projection 
be large, especially in relation to the smallness of the 

' ty Mo«x, Mwaw tnd Cutcbhi, Let dJffJreiili lTp« daU^mk® 
d« U TtdoQ TTitmUire dutt kt kakes uunAUqaes ocd^ulet, 
^Ocmlirtifvi i9ij,CLVI pp.1a4.~V Monx, Dltcodoo det lijpothitet 
Ctita tar kt cocnoriont cDrtkalet d«t bfactm mtcaUlrei,'' JHd. pp. 35 35 
— B, BrtmwtD, J BoJtoo, tod W Robtnsoa ^BQttertl LetJoo of the 
Ocdplul Lobe* with Recnlloti ol Mtealtr u diKhwt from rwvjrtmic 
Vlifrm * 1915 XX'^VIII pp. 447^73 (and Brtmwell, EdinbMTjk 

Jft£c*J j0MnuI 1915, XV pp 4 18L--F Dtnnm Zwd Ftllt too 
SdtMtrerielfflncai det ermrtkn Stebdioen MUn, A 7 IFir*. 1915 
XXViri,pp. 519-514— TroceiV).W««. A i/trf //mfr 1930, XXVI it etc. 
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corresponding retinal surface, because of the density of 
the distinct receptive elements in the central area of 
vision. 

Basing his opinions in large measure on his personal 
observations, Gordon Holmes ^ succeeded m locating on 
the area stnata, assuming the edges of the calcarine 
fissure to be turned back to disclose the cortex covering 



Fig 15 Diagram of the projection of the visual field (and conse- 
quently of the retinal surface) upon the area striata, after Gordon 
Holmes 

The various regions of the field are repeated on the secbon of the cortex, so 
that it can be seen when the edges of the calcarine fissure are drawn 
back Above the bottom of the fissure are projected the fields of the 
lower half (corresponding to the upper retinal quadrant) , m front are the 
most peripheral fields , the macula is represented behind, at the bp of 
the ocapital lobe, with its proper divisions 


Its walls, the peripheral and macular sectors of the 
retinae The very possibility of this schematization 
shows how much our knowledge of the receptive topo- 
graphy of visual impressions has increased in conse- 
quence of the great number of occipital war-lesions, 
and how fully the idea of a point by point representation 
of the peripheral sensory surface on the cerebral cortex 
has been verified. 

1 Gordon Holmes, “ Disturbances of Vision by Cerebral Lesions,” 
Journal of Opthalmology, 1918, II, pp 353-384 
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a Relnttons of tJu Vanous honns of Visual Imprtssxon 

Unlike smell, vision covers more than one category 
of sensations ; vre distinguish crude sensations of light, 
delicate impressions of chromatic shade, and dlscrimina* 
tioo of form, which 13 effected especially by macular 
vision 

As a matter of fact, elementary vision of form Is 
essentially connected with the spatial discrimination of 
unequally exated retinal points and with distinctions 
between neighbouring areas of light and shade It 
therefore Involves a perceptive process, with graduated 
reactions differing speclhcallj brought into play by 
adjacent neurones. 

This IS a function necessarily more \'ulnerablc than 
the crude reaction to a luminous stimulus perceived in 
toto and appreciated In an unqualified way as regards 
intensity, allowing only a vague localization, controlled 
bj the hemisphere which is exated 

And, in fact, In partial injuries, perception of light in 
the heraianopsic field may be intact, while perception of 
form, which is normally vague in the peripheral parts 
of the field is completely abolished This is what Bard 
meant when be said that hemiamblyopia is a weaker 
form of hemianopsia, the crude vision of light being the 
uUtmum inontns * 

The fact is analogous to that established in injunes of 
the cortical sensory area, where a slight raising of the 
absolute threshold of tactile excitation accompanies a 
considerable nse of the differential threshold and of the 
threshold of discnmination, and noticeable orrora in 
localization result. 

But chromatic reception Is even more vulnerable than 
perceptive functioning, which implies the Integrity of 
the assoctadofial neurones and the isolated reception of 

^ tluobold of Imniitoas TitloD ht • ewe of bcniluiopca tbroogb ut 
cpcdpflil wwnd which oune nodet ntjr notice, wu only eight Ume* u high 
on the pncUcitly falfod ilde u on th« bUxt fide. But the differential 
tfaretbold ccnld not bemeunred, end them vu no Impradon offonn. 

H 
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each of the impulses conducted by the corresponding 
association paths, without that diffusion which results 
when the myelin sheaths which isolate the conducting 
fibres are destroyed Though Bard regarded hemi- 
anopsia as the first stage of cortical injury, then hemi- 
achromatopsia and finally absolute hemiamblyopia, a 
disturbance, however slight, when it can be discovered 
produces hemiachromatopsia, that is to say, blindness 
to colour, almost always total, though sometimes only 
partial, as in one of Grignolo’s cases, even when per- 
ception of form persists. Hemiastereopsia^ is a still 
more serious disorder, hemiaphotopsia constituting com- 
plete blindness of the homologous hemi-retinae ® 
According to certain writers, we should distinguish 
yet another order of visual sensations, the loss of which 
represents an intermediate stage between astereopsia 
and aphotopsia, namely, sensations of movement. The 
crude perception of light and movement (a white test 
object against a black background or a black one against 
a luminous background) appear in the first stage of the 
recovery of vision after cortical blindness due to cranial 
injury in the occipital area, according to G. Riddoch ® 
Head has also noted a case of partial hemianopsia in 
which the impossibility of defining stationary objects 
existed together with a certain appreciation of move- 
ment. Finally, Poppelreuter adds the sensation of 


, ^ Pi^ron, “ Des degr 4 s de rh^mianopsie corticale L’hdnuas- 

t^r^^opsie," C R Sociiti de Btologte, 1916, LXXIX p 1055 

ormally the achromatopsia may be a lasting residue of a complete 
hemiano^ia, or it may appear in a transient fashion during functional recovery 
lerre ane and Chatelin, and Monbrun) Thus we have hemiachroma 
^^sic scotomata which may exist alone or with hemianopsic scotomata 
^‘^‘^sntuation or regression occurs (compressive sangmnary diflFcisions 
^ su sequent slow reabsorption, for example) we can see disturbances of 
e ree^^oms of vision succeeding one another in the same order (cf 
^ par contusion du crine,” Annales (T Oculistigtie, 

^ r Monbrun, “ Le centre cortical de la vision,” 

Archives (f Ophtalmologie, 1919, XXXVI, ii) 
s “ Dissociation of Visual Perceptions due to Occipital Injunes, with especial 
Reference to AppreciaUon of Movement,” Brain, 1917, XL, pp 15-17 

roceedings of the Roy Soc of Medicine, 1918, Sect of Neurology, p 27 
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movement to the sensations of bnghtness and colour 
and acuteness of discrimination ' He noted that an 
object which Is invisible when motionless will be seen 
if it IS moved. 

But this idea of a specific sensation of movement, 
maintained by Riddoch in particular, cannot be ac 
cepted It IS a normal and well known feet that an 
object Is more easily seen by the peripheral retina when 
It is in motion than when it is at rest , the feet that it 
appears and disappears in Its place will also facilitate 
vision This la a phenomenon of orientation of the 
attention and a lowrting of the threshold by specific 
reinforcement (or diminution of an mhibitorv influence, 
or even both) 

On the other hand, appreciation of movement is more 
delicate, especially in peripheral vision than appreciation 
of extensity, and consequently of form , this is also a 
normal well known fact, analogous to that of a much 
more exact discmnioation between successive than 
simultaneous contacts, by cutaneous sensibility 

Movement reinforces photopsia or stereopsia, and thus 
allows us to demonstrate more readily the existence of 
one of these forms of vision when they are considerably 
injured But it does not constitute an elementary specific 
retinal sensation, which is very difficult to conceive. 
The appreciation of movement is a perception based on 
elementary local impressions. 

The feet remains that though efforts have long been 
made to locate a special centre * for colour vision which 
IS superposed on light vision, from which it is sharply 
distinguished, In the cortical projection of the retina, as 
the tactile, thermal, or kmaesthetic sensibilities are 
superposed m the cortical projection of the cutaneous 
surface, it has invanably proved to be extremely vulner 

» WtllhcT Poppdreater Z>itffy<Aiuitn Arti Ktfftclmst im 

Art//* I 1917 

* Wmbnutd, fcT eaaajple, h»d unmed ibre* dl»tlnct centre* for lomlDoe*, 
chi omnl c end vlikn. He wm mbseqaenUj forced to the onitT 

ol the 'nsul centre which to-day fa no lonco qoestiocied. 
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able in contradislinction to the different cutaneous 
sensations 

The obser\.ition by Lcir/ of a microscopic alteration 
of one only of the eiqflit extraordinarily rich cellular 
layers’ which characteri/e the ana ^hiatn of Elliot 
Smith and Biodmann, the area of visual reception, in 
conjunction uith the presumptive existence of a pure 
hemiachroinatopsia mij^lu sucT^est in this relatively 
superficial la) or of cells, specific chromatic neurones 
(the upper pyramidal cells) 

But this susceptibility cannot be explained by a 
greater vulnerability of the la)cr of cells controlling 
chromatic sensory reactions In fact, cerebral com- 
pression by tumours in\olving functional disturbances 
may produce hemiachromatopsias winch disappear after 
decompression,' in partial injuries even of the optic 
tracts and of the chiasma, licmiachromatopsia is often 
the first phenomenon to occur 

In order to explain this we must take into account the 
way in winch a chromatic sensation can be evoked in a 
given point of the retina The light exciting this point 
arouses a sensation of brightness of graduated intensity, 
endowed with a local signature linked with the corre- 
sponding connecting neurone of the cortex,* and has its 

^ Tlic diMsions Mry considtriblj ^%uh difTcrcnt ^^ntcrs The rchtion 
between them has been explained b} Bonne in his excellent work on the 
cerebral cortex (Part II), published bj the Revue gin (T Histologic, 1910, III 
12, p 246 

- P Bordley and H Cushing, “ Alterations in the Colour Fields in Cases 
of Brain Tumour,’ Aich 1909, XXXVIII, pp 451-462 

® Cf Pierre Mane and Chatelin, “Les troubles Msuels cons6cntifs aux 
blessures des voies optiques centrales et de la sphi;rc visuelle corticale 
h^mianopsies en quadrant superieur , H^miachromatopsies,” Revue Neuro 
logtque, 1916, XXIII, p 13S 

* The ‘ corresponding ’ points of the two hemi-retin'e, for which, in binocular 
vision, there is a single spatial impression, end in different neurones and not in a 
single neurone {cf Minkowski, “ Sur la terminaison et la representation 
centrale des fibres crois6es et directes des nerfs optiques,” “ Contnbution i- 
I'anatomie et la physiologic de la vision binoculaire,” Congres de Physiologic 
de Paris, 1920, Arch sutsses de Neuiol et de Psych , II and III, “ Sur les 
conditions anatomiques de la vision binoculaire dans les voies optiques 
centrales,” Enciphale, 1922, II, 65-96) But these neurones which must he 
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own assoaatKc circuits, governing cspcaally certain 
fixed ocular reflexes (the moxement of the e>c ossunng 
centra foveal fixation, for example, for a pcnphcml 
point) If the light is coloured, it Is further necessary 
that the ncnxius impulse coming from the excited retinal 
receptive cone, in the case of a punctiform luminous 
foreground, shall be able to secure the activation of a 
speafic neurone for the degree of light (and the number 
of perceptible gradations — apart from variations in 
bnghtness and saturation, that is to say in the relation 
between the chromatic Impression and the Impression of 
bnghtness — is considerable, bcii\ccn 50 and 150, at any 
rate for the central points) 

For this reason the projection fibre of this cone, In 
connection ^dth the scries of chromatic neurones — each 
with its local speafialy which is a function of this 
connection — must act at a single touch of this keyboard 
according to the length of the dominant of the 
luminous exatation These phenomena ofsyntonization 
are doubtless due, as we shall sec later to the peculiar 
chronaxlc coefficients of these neurones and to the 
modification of the nervous impulse correlative to the 
\'anations of the length of the predominant wave In 
fact, though wc are not at present able to gi\o an account 
of the mechanism of peripheral transformation, wc know 
that the negative retinal variation, which gi%cs us a 
sort of translation of the nervous impules itself, changes 
Its form according to the colour of the light (perhaps by 
a combination resulting from two or three elementary 
processes). 

This delicate evocation of chromatic tones requires — 
even more than the changing of circuits for the minimal 
variations in intensity required by the graduated sensi 

tjK»d»led tnd whidi tie lotec^cd lo the Mtnc tMOdtliTe tsd reflex diniu, 
pot m fcr lint •nry reatoo & riocle local ipedSdly Aa eipetliaenUl 
dl w odtti o p, u the firett tutre tbown, can caoje tb* aeorooe* of thoe 
conttp on diog polnta to tcqalre a dificrtnl local tpedfldly (lUabUrata) tod 
can make two other nemoDcs ataodalc with them In cooimoti dreeha (Mng 
them the aame local dgn. 
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bility which appears in the determination of the 
differential thresholds — the complete integrity of the 
neurones transmitting the impulses, and especially 
the syntonized neurones of the chromatic keyboard, for 
the proper coefficient of the neurone is modified by 
the slightest injury which it undergoes A functional 
disturbance, without complete destruction, deranges and 
easily incapacitates the chromatic keyboard, which 
represents not so much an individualized mode of 
sensibility (as hot or cold in relation to touch) as a 
different mode of response to certain luminous excita- 
tions. 


3. Perceptive Functions and Visual Co-ordination 

The calcarine area of the area stnata is traditionally 
known as the ‘ centre of vision ’ But the expression 
is incorrect The act of vision does not occur entirely 
in this receptive station , it involves the operation of 
the associative circuits which not only traverse the 
occipital lobe, but sometimes extend as far as the other 
pole of the brain. Lesions at various points may be 
shown by disturbances of visual function, though we 
are then, of course, no longer concerned with disturb- 
ances of elementary reception. 

In certain cases, special centres for definite visual 
functions have been assumed , for example, it has 
often been supposed that there is a centre where visual 
memories would be stored, a centre of perception where 
visual ideas would be elaborated, etc. 

Von Monakow has rightly opposed such views; 
memory should be regarded as a dynamic function 
and not as a storehouse of images In his opinion, 
the mnemonic function extends over a large area. 
And It IS certain that disturbances of visual evocation 
accompany occipital lesions even beyond the calcarine 
area On the other hand, when he assumes that the 
evocation of visual representations remains possible, 
as a general function, in spite of the destruction of 
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the rcccptUe station hclsallovring himself to fell Into 
the same error which made him deny the topographical 
representation of the retina on the area stnaia 

The evocation of a visual image implies activation 
in an assoaativc arcuil necessanl} including specific 
connecting neurones In the reccpti\c station When 
these are destro) cd it is impossible to evoke sensations 
And the absence of visual representations in complete 
cortical blindness among adults, apart from blindness 
through retinal Injury or interruption of the optic 
tracts is an established fecL Man) instances arc 
cited where hallucinations are produced in the blind 
part of the field in cerebral hemianopsia but in no 
case has an autopsy revealed a complete cortical de- 
struction of the area stnata If the lesion interrupts, 
in the subjacent white matter, the incoming tracts or 
even the first neurones of the loner cortical la>ers,* 
without damaging the stellate cells of the median lajers 
which are charactenstic of the visual area and should 
constitute the specific connecting neurones,* halluci 
nations clearly remain possible If on the other hand, 
the cortical lesion prevents the functioning of the specific 
neurones, and even if a certain crude luminous vision 
persists, as In a case I observed, these hallucinations 
arc only produced m the part of the field where vision 
is preserved * 

* After leakn of the optic tncti there U e correlitiTe dtpcsenulea of the 
polyTacKphooi cells of the Isit coftiod layer &sd of the ■olixvy cells of Ujer 
V of Bfodnann (too Uomko«) 

* lUiDoo y Csjsl t^sces the amlomWl seal of seostiioo io the Uyer 
of the tu^e ncIUte cells toppodfi^ thit ihe txooc of these lar^ cells 
coodacti the priodpa! optical exaudoo, rrhlcfa U to be reclstered la the 
fbm of memories or opti^ Iquc^ {Siu^Un £$ nimnndt ipoo. 

Die Sehilode," p. 71). Roorl^ empbsrirei the fset that t >>«»«• eelb, 
eboot vhkh mnlfy the proloacalkmi of the (mall pyramidal the 

^nxmles, ate oot Inflecac^ by the hbra of the np^dal layer (Ca}al s 
pleilform hyet). 

* On the (Object of betalaiiopak hanodnalkma, see, Wnfred Harrlt, 

Hwdanopk, rriih Espcdal Reference to its Transient Varieties,'* Bnim 

1897 XX, pp. 308-364 j—H ItoceraiHl] Rebool-Lachaax La syndrome 
exdlo'Tlttd.dadi*mpaT«jWdcah4iBlanep(Vraca,”i--£»af/ia// 1931 XYl 
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The sensation of blackness in the blind part of the 
field no longer appears when hemianopsia is due to 
cortical destruction : this sensation is no more possible 
than the others (for it is that of a very slight brightness 
appearing by contrast). Hemianopsic blindness of 
cortical origin is not rccogni7cd, and wounded men are 
astonished at the awkwardness which makes them 
blunder into obstacles, always on their blind side; 
their hemianopsia has to be explained to them.^ 

Von Monakow® even cites the case of a patient 
blinded by double occipital destruction, who was able 
to imagine a wax taper, though 'he could not give its 
characteristics But to attach importance to such a 
remark^ is to overlook the difficulty of distinguishing 
in many cases between true visual memory, with repre- 
sentation of forms by light and shade, and memory by 
simple ocular kinajsthesia, which gives a very satisfying 
representation of form, and one which is regarded as 
visual. 

If the memory of ocular kinaesthesia is preserved, 
and particularly if movements of the eyes are still 
possible, we imagine that we are calling up visual 

PP S 73'579 of Kinnicr Wilson’s cases, micropsic hallucinahons 

appeared in the hemianopsic field, but only after reco\erj' of vision, which 
was destroyed as the result of an occipital fracture {Lancet, I 9 I 7 j 2, 
CXCIII, p I) 

^ Dufour has discussed very carefully this question of the distinction 
(J Muller, de Graefc) between ‘ Schwarzsehen ’ and ‘ Nichtssehen ’ 
(“Sur la vision nulle dans I’hdmianopsie,” Revue midicale de la Suisse 
romande, 1889, 9th year, VIII, pp 445 451) Such a difference in visual 
behaviour has also been recenUy considered by Fuehs (“ Untersuchungen 
Uber das Sehen der Hemianopiker und Hemiamblyopiker,” Zetischr fUr 
Psychologic, 1921, LXXXVI, pp 1-143) 

2 Cf Von Monakow, “ Ueber den gegenwartigen Stand ,” Ergebnisse 
der Physiologic, 1904, III (II), p 118 

® Expenmental analysis of the memory of forms insusceptible of symbolic 
schematization has convinced me of the great importance of ocular kin'esthesia 
and the small part played by visualization in nearly all individuals, with the 
general illusion of really visual representations, a very strong illusion, especi- 
ally when symbolic and verbal schematization is possible Ideas which are 
subsbtuted for visual representation, and play the same part, are easily 
mistaken for it [cf H Pidron, “ Recherches comparatives sur la m^moire 
des formes et celle des chiffres,” Ann&e Psychologique, 1921, XXI, pp 1 19-14^) 
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memones, for many people. In ordinary carcumstances 
have no true visual representation other than 
kinEcsthetic. 

The specific neurones necessary for sensation are also 
necessary for the associative reawakening of ^hat sensa- 
tion, which Is called the image — a dynamic process 
and not a photographic negative resting miraculously 
In the nervous substance, where some subtle spirit 
might go to consult it. 

But these are probably not sufficient ; an impulse of 
peripheral origin, operating certain notes of the key- 
board formed by the specific neurones could not by 
this act alone pr^uce a sensation, which 15 a psychical 
phenomenon this results from an exatation of the 
associative area by the specific connecting neurones 
reetpUon begins at the level of the calcanne area with 
its nch and vaned group of cells, but is completed in 
wide and numerous arcuits 

While the tracts which directly produce certain 
reflexes apparently issue from the deep layers of the 
cortex — and further knowledge of these, as we shall 
see, may provide us with more detailed information— 
from the superficial layer formed by a network of 
associative fibres issue the mating impulses of the 
neighbouring relay neurones, which themselves enter 
into connection with all the cerebral areas, auditory, 
tactile, kinmsthetic, inato-moior, etc. 

One of the influences arising from a sudden excitation 
will constitute the reaction of attention with the inhtbi 
tions It involves, the Importance of which in the opera 
tion of vision — binocular vision especially— is well 
known This reaction of attention, which, as Head 
has shown, is very much weakened In cortical injuries 
of the sensory area, is also very easily disturbed^ in 

* The diicrdcT fa qae*tioQ seenu •omedme* to l»Te been the only 
fiattUoo f the oedfitml Injury fa the cnM* obwred by Gonjon Holma 
{BrU J ^ Ofii, U 1918,51.353) It fa, of owiae not a matter of gencnl 
wcatenfae of attentfac, but of an faolated loa of attenih* eapadly Sot a 
ceitafa onfat of ■tlmalL 
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occipital lesions, as Gordon Holmes, Poppelreuter, and 
Wilhelm Fuchs, each from his particular angle, have 
also noticed. In an area where the perception of 
darkness or of light appearing suddenly is possible, 
when no other object is visible to the eye, nothing may 
be perceived when another object appears in a normal 
part of the field • when there arc two rival reactions of 
attention, each tending to provoke the inhibition of 
other circuits of perception by means of the excitation 
of another group of connecting neurones, the reaction 
of the normal cortical area will so predominate that the 
excitation of the other produces no conscious effects. 
When the functions arc normal there will be a much 
greater intensity of a peripheral excitation in one field 
which will annul the psychical effect of a peripheral 
excitation of the opposite field , reciprocal suppressive 
inhibition in binocular vision is an ordinary occurrence. 

Thus the nervous impulses concerned in vision issue 
from the connecting neurones and irradiate through the 
entire brain But it is certain that a lesion will most 
easily injure the association paths of visual thought 
at the approaches to the receptive station And, as 
a matter of fact, this function is found to be selectively 
injured in occipital lesions which leave the calcarine 
area untouched 

But disturbances of this form of thought may appear 
in consequence of lesions which, though always localized 
to some extent, are relatively distant from the receptive 
area, indicating an interruption of certain intercortical 
connections of a systematic character 

In so-called psychical blindness, or generalized visual 
agnosia, there is still vision of objects, general reactions 
and reflexes left intact, but their associative utilization 
is no longer possible , objects are no longer recog- 

^ In the most elementary case there is stereoagnosia (or an astereognosis), 
in the sense that even the recognition of simple forms no longer occurs , it is 
characteristic "only when macular vision is preserved (distinct percepbon of 
form being possible only at the centre of the rebna) 

) 
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niied by sight, though still recognired by touch or 
heanng * 

Llnuttd visual agnosias are found for example, in 
the form of certain asymbohas the significance of 
simple visual signs is no longer understood cards, 
flags, etc., are no longer specifically rccognired. An 
ace of clubs might sull bo recogniied as a card, but its 
particular character, value or use would be unknown 
This asymboUa may be generalized or limited, for 
example, to printed or written signs (verbal agnosia 
or verbal blindness), and even to certain of these signs 
so that only numbers may be misunderstood, or, on the 
other hand, only numbers may be understood In 
order to give an account of these partial disturbances, 
we must introduce the idea of a co-ordinating centre, 
that is to say, a systematic grouping of the connecting 
neurones which intervene in the assoaative circuits 
of certain forms of thought, of symbolic thought m 
particular, and form an essential stage 

A more detailed examination of this Idea of co-ordina- 
tion will be undertaken in connection with language 
in general, which involves an important visual 
component. 

' F hu »pcd*Ily OMoiaed. ta owti of ovcAmX Itiioti dlsortm of lb« 
ftnctloQi, wbict he duKx u optico-ttmomeliic dhtuibaoce* 
(paneUf alcarinc regtoo) opUco-pholc (temponl leckm) optic&^oojUc 
(coartxrty of the ocrfpiul loU) opUoMaolo* rtc. (A'nnW Ctn/naiaH 

1920, p. 190. Cf &ka Bat. HCTal«iop*iB wid ScdindUindbdt bd 
HirnTaletjanscn Co/Vi Anhv 1917 XCUI H i). 



CnAPTKR IV 


INDIRECT RECEPTION 

SPATIAI PKRCLPTION AND ‘SPATIAL RnPLEXPS 

Tin: excitation of a receptive apparatus when trans- 
mitted to tlie cortical area produces there a specific 
associative reaction, ensuring identification and the 
corresponding sensory perception. Sometimes what 
reaches this association area is the after-effect of an 
excitation in direct relation ^\ith the thalamus and the 
affective area . as happens in the case of certain ‘ pains,’ 
such as burning Or the specific excitation may be 
accompanied by an awareness of the affective reverbera- 
tion (pricking) The organic impressions of cccnsesthesia, 
pleasures and pains especially, are specific excitations 
of the affective centres, and penetrate into associative 
‘ knowledge ’ only through their means 
Certain of these organic impressions which reach 
the higher centres will at times be adequate only in the 
degree in which they have previously aroused reflexes in 
more primitive centres Thus hunger may indeed be 
an impression produced by a certain state of various 
organs, but it will reach the affective area — and a 
fortiori the associative — only through movements of the 
stomach which have been previously produced, and 
which may also occur automatically in accordance with 
a regular rhythm Thirst is due to a dehydration of 
the blood and the tissues, but it is perceived only when 
a reflex inhibition of salivation, a result of this dehydra- 
tion, produces a perceptible dryness of the throat which 

124 
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brings Into operation the appetiUve tendencies, the 
desire to dnnk, and arouses specifically directed assocm 

hons. u 1, 

There are in reality numerous sensations which, trom 
the point of view of 'knowledge, in our system of 
representations, have a direct objective significance, 
though they are actually due to a secondary effect of 
pnmlUve txatalions 

It 13 not enough to establish the existence of a 
specialiied receptive organ on the one hand, and of 
sensations corresponding to the excitation of this organ 
on the other, in order to conclude that It is the latter 
which IS dir^y transmitted to the association area to 
enable a specific awareness to arise there 
Thus the exdtation of the semicircular canals, which 
involves indispensable equilibration reflexes, does not 
seem capable of directly producing associative reactions, 
sensations and perceptions and. In fact, there is no 
tract untang the nuclei of the vestibular nerve with the 
cerebral cortex. Furthermore, the sensations of rota 
tion, and In particular the subsequent post rotary sen 
sations, are unquestionably connected with the excitation 
of the horizontal canals they give the impression of 
a rotation of the body towards the right or towards 
the left, when the eyes are closed, and of a rotation of 
external objects in the opposite direction when the eyes 
are open 

In reality, these sensations, these associauve reactions 
which give the knowledge of nght and left, are produced 
b> the perception of ocular movements accompanying 
and following the rotation (rotary and post rotary 
nystagmus) the slow reflex displacement of the eye 
(such os occurs in rotaUon when the eye follows an 
object), being perceived not as actual movement but as 
the rotation of objects in this direction, or as a rotation 
of the body— -in the absence of vision of objects— In the 
opposite direction 

The threshold of the ocular reflex is, in fact, lower 
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than the threshold of the sensation , ^ the duration of 
the apparent movement is connected with that of the 
nystagmus, being a little shorter , ‘ and finally the 
experiments of Barany and Holt® have shown that the 
inhibition of ocular movements involves the suppression 
of rotary and post-rotary sensations. 

From a long and careful study of nystagmic phenomena, 
Brabant* deduces the following results, which are m full 
agreement with the above whenever there is a sensation 
of movement there is nystagmus , when there is an 
impression of immobility, the equilibrium of the eyeballs 
IS complete , the direction, rapidity and amplitude of 
the movement perceived depend on the direction, rapidity 
and duration of the nystagmic movements When a 
suggestion of rotation occurs, ocular movements take 
place first and it is only later that the subject is aware 
of rotatory impression. 

Though of more complex origin, impressions of 
displacement and of inclination also seem to be linked 
with reflex movements , and in a general way we may say 
with the majority of physiologists, that these spatial data 
derive from the perception of the reflexes of equilibration 
whether of labyrinthine origin or not 

For even when we can receive direct sensations, from 
‘ exteroceptor ’ peripheral organs, when these furnish 

^ Cf E Buys “ Contnbutaoii a l’6tude du nystagmus de la rotation, 

C J? Soc de Biologte, 1920, LXXXIII, p 1234 The threshold of the 
sensation corresponds to an angular acceleration of i° 8 to 2° per second, the 
threshold of the nystagmic movement to an acceleration of 0° 8 

® Cf Coleman R GnfSth, “The Organic Effects of Repeated Bodily 
Rotation An Experimental Study of Disziness," J of Exfer Psychol , IHj 
I, 2, 1920, pp 15-46 and pp 87-125 In attempts at the inhibition of ocular 
movement, the duration of the post-rotary nystagmus and likewise that of the 
subsequent sensation of rotaUon is dimmished 

® Cf R Barany, “ Untersuchungen tiber den vom Vestibularapparat des 
Ohres reflektonsch augelosten rhytmischen Nystagmus und seme Begleitersche- 
inungen,” Monatschnft fUr Ohrenhetlktindt, XL, 1906, pp 193-197 — ^ B 
Holt, “ Eye movements during Dizziness,” Harvard Psychol Studies, Hj 
1906, pp 57-66, “On Ocular Nystagmus and the Localization of Sensory 
Data dunng Dizziness,” Psychological Review, XVI, 1909, pp, 377 ' 39 ^ 

* V G Brabant, “ Nouvelles recherches sur la nystagmus et le sens de 
r^quilibre,” Archives ndduales beiges, I92I, 4th year, 4, pp 257-324 
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spatial perceptions, closely intermingled with sensations 
and thus appearing to be immediate data it seems that 
they can do so only m the degree m which appropriate 
reactions are aroused, the knowledge of which — by means 
of the ‘ proprioceptor organs — ^wiU assume the appear 
ance of direct spatial exteroceptive data 
The reactions thus produced by the specific spatial 
impressions may, moreover, originate at different levels 
they may either be elementary reflexes, in circuits limited 
to the lower levels of the nervous system or late and 
complex reflexes, the connecting neurones of which are 
situated in the higher centres and in the cortex itself 
In the latter case, it may perhaps be suggested that 
these reflexes are only automatized associative reactions, 
acquired during the life of the individual by experience 
and by trial and error; but there are also congenital 
reflexes m the cortical area, and though it is indisput- 
able that the Intellectual idea of space implies a personal 
acquisition — peculiarly aided, we may add, by ancestral 
experience socially transmitted and symt»Iized by 
language — the fact remains that ibis idea in its ele- 
mentary form can ong^nate from sensory data prtxiuced 
by specific congenital reactions, so that there is some 
justification for a physiological ‘ naUvism 

Certainly the spatial location of a sensory excitant 
appears to be a gradual empmeal acquisition But 
though the local sign of a sensation does not intel 
lectually gain value and spatial significance until after 
repeated experiences, It is none the less true that the 
location of the stimulus involves, in consequence of 
congenital nervous connections, a certain sp«^ficity in 
the reflex responses that this stimulus can arouse. 

The ‘acid reflex in the decerebrate frog and the 
scratch reflex m the spinal dog imply a fairly exact 
localization 

Is there still a reflex cutaneous localization in man? 
There is undoubtedly a local relation between the 
cutaneous excitation and the reflex response the plantar 
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stimulation of new-borns, which involves, in addition to 
the extension of the toes, a retraction of the lower limb 
concerned, certainly implies a specifically localized in- 
fluence , and movements of defence adapted to the 
region stimulated have been established even among 
anencephalics during the brief period of their survival ^ 
Further according to an observation of van Woer- 
kom’s on a child of four affected with meningo- 
encephalitis," the excitation of the skin of the foot 
aroused, besides the retraction of the lower limb, a 
reflex movement of the hand approaching the place 
touched and making a vigorous gesture of repulse ; 
and in various meningitic syndromes, Guillain and 
Barre have noticed a localizing reflex which appears 
in a similar form:^ the pinching of the skin of the 
foot or the leg produced a complex movement in the 
opposite lower limb, in the course of which the knee 
was bent and the foot was drawn up to scratch the 
stimulated region with the heel 

In coma, with abolition of all mental life, movements 
of defence adapted to the seat of a strong stimulus are 
found even in hemiplegic patients 

The existence of a reflex localization has suggested 
that there may be disagreement between the capacity 
for spatial representation of a cutaneous contact with a 
description and the capacity for finding with the finger 
the point stimulated, by itching, for example , this 
latter process being of a reflex character, in that it 
represents the operation of a congenital mechanism or 
an acquired automatism. 

Thus a patient with a cerebral injury in the occipital 
area, who was studied by Goldstein and Gelb, was able 
to locate, by spasmodic reflex movements, a contact 

^ Cf Vaschide and Vurpas, “ La vie biologique d’un anenc^phale ” Reinie 
gitt&ralt des Sciences, April 30, 1901, p 373 

® Van Woerkom, “ Sur les r6acbons musculaires d’ordre affectif,” Archives 
suisses de Neurologie et de Psychiatne, 1921, VIII, i 

3 Guillain and Barr^, “ Les reflexes de defense vrais au cours des syndromes 
m6ning6s,” Bm// et M&m de la Soc Mid des Uo/ntaiix, 
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spot on the skin, though he had no idea of the location 
of the stimulation 

The authors concluded from this that tactile space 
does not exist' Their results at least indicated that 
in this case the spatial schema of the body implied a 
coordinated appeal to the data of sight, and that 
when this connection was lacking ‘spatial thought 
was affected though a new spatial thought, funda 
mentally tactile, could doubtless anse, thanks to the 
preservation of the specific reactions 

The reflex ongin of auditory spatial data seems even 
clearer 

The perception of the direction of a source of sound 
only occurs in virtue of an associative reaction produced 
by a reflex movement of the head and the eyes in that 
direction, and also of the vestibule of the cars among 
certain animals Localization indeed, seems congenital 
and perhaps infra*corticaI, by association with the 
auditory relay centres, at the level of the corpora 
quadngemma, with the head turning and eye*tuming 
co-ordination centres,* 

For low sounds, a sufficiently accurate localization 
IS ensured by the difference in phase of the vibratory 
movements of the tympanic membrane m the cars 
{provided the length of the wave distinctly exceeds the 
distance between the tympana) But this difference 
of phase cannot Itself involve associative reactions or 
perceptive knowledge it arouses reflexes carefully 
adapted to the value of the difference and these 
reflexes in their turn produce impressions of direction, 
which were sufliciently precise to allow aeroplanes to 
be located at night during the war 

1 IC Golditdo A. G*Ib, Ueber den EfaUhtM (U* roUttladifa 
Valoite* des opilscbco VooUtlnin* » g anf du Ukdle ErkmietL, 

Zfiisdtr fir P^k*hgU, LXXXIII 1-4 

t amikms o( V»c»A\artoc to sdaea bare b«en ootked la dt ctreb aio 
wmali, la Uh eat for cxanpl* bat oot ia all caaea. Doao de Barcaoe 
doei DOt beUcTt tbat tbe (cat of tbesc metkos can at presoit b« fixed wltfa 
certainty 
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In researches based on introspective data, Halver- 
son^ has shown that localization occurs in a visually 
schematized arc where a tonal image (visual, auditory, 
kmsesthetic, or tactile image) is located under the 
influence of an eye-movement whether actually per- 
formed or imagined. 

For noises or shrill sounds there are differences in 
intensity at the level of the ears which give, though 
with much less precision, the idea of direction, an 
idea that seems to be immediate because the difference 
in intensity is not perceived as such. And the orienta- 
tion of the source occurs even when differences in 
intensity are too weak to be perceptible in themselves 
and below the differential threshold of the sensation. 
Here also the differential threshold of the reflex is 
more delicate, and it is the perception of the localizing 
reflex which furliishes the idea of space,® a reflex involv- 
ing primarily movements of ocular exploration,® while 
lateralization always appears as due to the exclusive 
excitation of one ear. 

As distinguished from the factor of phase difference, 
the ratio of sound intensities gives results which as a 

^ Halverson, “ Bmaural L.ocalizaUon of Tones,” Am Jotimal of Psychology, 
1922, XXXIII, pp 178-212 

® By placing an individual at an unequal distance from two identical and 
S)mchronous sources of sound, we produce in him the impression of a single 
source localized at a point in space which depends on the difference, at the 
level of the ears, in the combination of both trams of waves This corre- 
sponds at the same time to a difference m phase and a difference m intensity 
Now, if we modify the frequency of the sound of the sources, and conse- 
quently the wave-length, we change the combination and the vanation is 
perceived as an apparent displacement of the imaginary source before it is 
perceived as a tonal modification Thus the differential threshold of locahza 
tion IS much more delicate than those of pitch, intensity, and, as we shall see, 
succession {yf C E Seashore, “ Wave Phase m the Open-air Localization 
of Sound,” Psychol Monographs, 1922, XXXI, i, pp 1-6) 

® This is the hypothesis of ocular movements suggested by Matsumoto and 
favoured by Hocart and McDougall, who have shown that the threshold of 
differentiation m the localization of sound corresponds to a difference of 
intensity which is less than a third of the differential threshold of perceptions 
of intensity (“ Some Data for a Theory of Auditory Perception of Direction," 
British Journal of Psychology, 1908, II, p 386) 
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whole follow Webers' law, showing the slight sensi 
bihty of this process } and this Is in agreement with the 
general data of the for less rapid increase of organic 
reactions in comparison with the increase of intenuita 
of excitation that provoke these reactions. When we 
cause the difference in Intensity and the dyschronism 
to act in the opposite direction (P6rot), the two influences 
can be compensated, but as that of the dyschronism is 
predominant, the other must be greatly accentuated 

Finally, for noises of short duration the perception 
of laterality may be conditioned by the interval which 
elapses between the moment when the wave enters one 
ear and that at which it enters the other, an interval 
notably below the threshold of duration perceptible as 
such, as Aggazzottl ' has established, by eliminating 
any influence of intensity (the thresholds of laterallza 
tion being able to sink to 4 and to three hundred 
thousandths of a second) ; but localization is extremely 
crude (errors amounting to os much as 110^ and 
practically non existent. The researches of Pirot* are 
in agreement with those of Aggazzottl 

The recognition of direction, to the right or left of the 
source, appears to be immediate. In this case it seems 
as if one ear only Is affected, as if the impression 
reaching the other were inhibited by the first. This 
impression may arise from a difference in time of 
impact or a difference of intensity, without our being 
able to distinguish Its origin We obtain thus an 

^ 0 W Slemt &od O. Hovda. The Factor ta 

Loealltttka j ta Ettmrion of Weber’s Law " Rmtw igiS 

XXV p. X4a. 

* A. AcEuiotd Salla perce^one deCa dimkme del nooQ,” ArcOwU 
a FUUk^ia^ 1931 XIX, x pp- 33 46. 

* A. Pdiot, Sar ta »ni»rtr»n d’orienlatkn lUrrf t todMoo natmT-iu 

JfttntMJ d» njrrifm tt b 1991 IV pp 97 106. Foe a oeJae 

Fdrot Godi a UlertltzatlaD c oi i rtt» H idi n g to a dUfermce in time of eight 
baadred-tboTTTidtbi of a aecood which it quite the mste order of 

ti that of AggaaotlL Pdrot hu abo ttod)^ the bfloeoca of dUCerencei in 
intensity and that of dlSerencci at phase foe pare to«ads, bat baa coafostd 
It with that of dlffeieoctt In times of awess of sonnda. 
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impression of laterali7ation connected with the ocular 
reaction, but not a precise apparent direction.^ 

It is concerning visual localization that the most 
frequent and keenest controversy has arisen between 
those who assume that local retinal signs or binocular 
separation " are acquired by experience, and those who 
hold that pre-established ideas allow the immediate 
utilization of local retinal impressions But here 
again we must not forget the existence of localizing 
reflexes which, although they require cortical inter- 
vention, seem none the less to be congenitally deter- 
mined The fact that the gaze is not directed accurately 
towards objects in the first days after birth, is due to 
an insufficient development of certain reflex connecting 
paths at the level of the cortex ; the rapid develop- 
ment of precise movements of fixation, accommoda- 
tion and convergence, is not compatible with empirical 
acquisition by trial and error. 

The whole motor apparatus for ocular movement is 
essentially a reflex apparatus, controlled only with 
great difficulty by associative caprice, or by the will. 
We know' how difficult it is to get a parafoveal fixation 
in the light or a foveal fixation in darkness, or to retain 
the fixation of the eye when a vivid and sudden excita- 
tion occurs in the periphery of the visual field, and how 
impossible it is to keep the eye at rest in darkness, even 
on a visible point, when this is single and faintly 
luminous 

Our knowledge of our ocular movements as such is 
very imperfect, and they can be controlled only by 

^ Cf Henri Pi6ron, “ L’onentation anditive lat^rale” (Acntical survey and 
study of the theory of mechanism), Annie Psychologique, XXIII, 1923, pp 
186 213 

® We may recall that the threshold of the impression of rehef occurs with 
a separation (deviation of corresponding elements of two images) below the 
perceptible spatial differential threshold a deviation below 3' is enough to 
give a stereoscopic effect [cf J Coma Soliu “ Les courants stellaires 
6tudi6s stereoscopiquement,” Sctenha, 1922, XVI, p 217), while the most 
delicate spatial threshold corresponds to 30' for two juxtaposed surfaces, and 
to 5' for two hues end to end 
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means of the reflex mechanisms that we succeed In 
arousing (parallelism of the ocular axes, for example, 
can be obtained bj the representation of a distant 
object, or their convergence by the representation of 
an object close at hand) 

We arc consequent!) led to belie\c that, for sight 
even more than for hearing, spatml perception is the 
result of an av.*arenes3 of ocular reflexes It is the 
moNcment of the gaie up or dmvn, to the right or 
the left, and accommodation or binocular convergence 
tou-ards a relam cly distant point, which furnish us 
with the corresponding Ideas of direction and distance 
This conception finds solid support in the admirable 
studies of Gordon Holmes on patients with cerebral 
lesions, all of whom, In different degrees but In the 
same form, presented disturbances of visual onentatlon ' 
In addition to some older cases similar m ctery 
respect as regards s) mpiomatolog) and with corre^ 
spending cerebral lesions (tiso patients of Inouyes 
wounded in the Russo>Japanese war, one of Riddoch s, 
in 1917, and several cases of vascular disease noted by 
Pick Ealint, and van Valkcnburg) the seven cases 
of Holmes (one publ.ished with Smith and one with 
Horrax), two of which were followed b) autopsy, 
furnish data which show remarkable agreemenu* 

In every case, after bilateral lesions of the cerebral 
hemispheres Involving on both sides the area of the 
angular gyrus, similar disturbances appeared i there 
was an inability to judge whether one object was nearer 
or farther away than another whether it ivas situated 
lower or higher, to the nght or to the left. As a con 
sequence, onentatlon in iipace was very much Impaired, 
involving an Incapacity to walk and avoid obstacles 
These disturbances, which were often accompanied 

I Gonion Holme*, IMttertjaece* cf YfamJ OrknUtJoo, Dritisi JnmuJ 
^ 1918 n pp. 449.46s uid pp. 306-516. 

* 1 ctTtQ oaUlo* of Gordon Holmes' obtemtioe* In ite J»nmsl dt 
ijtti XVIII pp. 8 oi>Bi7 
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by a derangement of visual attention, were not associated 
with an affection of sight itself, though in certain cases 
there was complete hemianopsia, hemianopsic scotomata 
or peripheral contractions, according to the nature and 
extent of the cerebral lesion. These disturbances were 
chance occurrences, since they were sometimes absent, 
and in numerous other cases where they existed 
there was generally no disturbance of the function of 
orientation. 

But a disturbance of orientation was constantly 
accompanied by a disturbance of the ocular reflexes of 
fixation and convergence, of the reactions of accom- 
modation and even of the reflex of blinking at the 
approach of an object 

The movements of the eyes were normal ; they were 
even normally produced by excitation other than visual, 
for example under the influence of a noise, and especially 
under the influence of tactile or kinaesthetic excitation. 
Thus, when it was quite impossible for the patient to 
follow with his gaze the movement of a finger in front 
of him, he could generally follow his own finger very 
well, converging at its approach and even blinking at 
the sudden approach of his own hand ; under the 
influence of visual excitation alone, the movements were 
inco-ordinated 

This apraxic disorder, which closely resembles the 
aphemic disturbances of verbal motor co-ordination, is 
regarded by Gordon Holmes as a consequence of the 
disturbance of the sense of visual orientation 

In my opinion, the terms must be reversed, and the 
disorder of orientation must be explained as a disturb- 
ance of the reflexes. As a matter of fact, the localization 
was possible when the reflexes were co-ordinated and 
adapted, for example under the influence of auditory, 
tactile or kmassthetic stimuli And the more pro- 
nounced disturbance — sometimes the only one presented 
— of the idea of distance coincided with a predominant 
disorder in the reflexes of binocular convergence. 
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The blind and persons affected with ocular paralysis 
succeed In orienting themselves in space without the 
reflexes of the eye, by means of other mechanisms But 
when these ocular reflexes exist and are disturbed, they 
tend in their turn to disturb the Idea of space, and to 
prevent correct orientation 

We can connect with these pathological data the 
fact that the normal mental representation of a direction 
implies an ocular attitude It follows the adoption of 
this attitude and Is impossible without it.' 

Thus for sight as for hcanng, for touch and for the 
labynnthine function the associative reactions of spatial 
perception empincallv acquired, are due to the aware- 
ness of spatial reflexes, innate reacuons of local i za 
tion This does not mean that spatial perceptions 
cannot originate by the method of trial and error In the 
absence of these reflexes and produce In their turn 
adapted localising reactions. But the reflexes allow a 
much more rapid and precise acquisition They at 
once give a signiflcancc to the local retinal sign and to 
binocular separation, whence the associative reaction of 
stereoscopy doubtless anses only through the medium 
of the motor reactions predetermined in the structure 
of the nerve tracts,* 

Other and more complex forms of disorders of onenta 
tion may, however appear without disorders of the 
ocular reflexes — os when the praxic centres are depnved 
of the regulative data from the visual sphere We 
have dted the study of Pierre Mane and Bdhague on a 
syndrome of disonentation through deep frontal lesions 
On the other hand Mme Athanassio-B^isty gives, as 
charactenstics of parietal wounds “disorders of the 

^ Grtnbtntn, ** ReprffnUltoni de U dlxccdon et mooroiKnu dcf 
di FAytiti 1 930, IV 1 pp. 114 333. 

* Relief vu not ttadied in n nfBdcntl; t^rttenuide £uhkm in tbe otserm 
tkins of Gordoa Holiae», vbo uKtti that itereoecoplc vi 4 oti U pceserTcd, mod 
depth perafTcd, when the palknt cannot %mj whkh part of the yinal U 
in front and which behind. The Improfkn of reSaf U hardly cempfete and 
•atis^dng when thh b the cats 1 
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sense of orientation in space” (upper parietal and 
supra-marginal gyrus) , the irregularity of these dis- 
orders in such lesions is certainly due to the fact that 
the symptom of disorientation is connected with an inter- 
ruption of association paths of occipital origin, disturbing 
the usual spatial thought, and to a certain degree spatial 
conduct, if the data of visual origin which control the 
frontal praxic centres are insufficient or disordered. 
With the major functions which require the complex 
participation of numerous centres and paths, there are 
many points where a lesion may cause disturbances, 
though these may be more or less masked and relatively 
capable of compensation. 



Chapter V 


SOME FACTS RELATIVE TO THE NERVOUS 
MECHANISM OF THE INCITO ASSO 
CIATIVE CONNECTIONS AND TO THE 
SWITCHING OF REACTIONS 

To get an idea of the relations of the mental functions 
and the cerebral mechanism, we must make use of the 
elementary physiology of the nervous system The 
morphological point of view led at first to errore and 
confusions which sufficiently explain the discredit 
attaching to the work of that pioneer of localization, 
Gall 

At one time, when the theory of neurones was system 
atically formulated, a number of writers thought that 
nothing would be easier than to explain all psychical 
processes In terms of physiology sleeping and waking, 
attention and memory, association and the course of 
thought were all explained by the idea of amoeboid 
movement, a movement of the cell extensions them 
selves establishing or breaking the vanous conneo 
tions, isolating the cells, or putting them in reaprocal 
communication This, however was merely to refer 
the whole mystery of mental activity to the cell 
elements by endowing them with a truly remarkable 
InitiaUve. 

But the intncacies of cell extensions did not long 
allow us to assign high explanatory value to seductive 
fentasies embroidered on the theme of amoebism Even 
the neurone was compromised by the theory of neuro- 
fibnllar continuity, which explained the nervous system 

JIT 
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as a continuous network of interconnected threads sus- 
tained by the cell-bodies, like telegraph wires hung on 
posts, which nevertheless play a certain trophic part 
Whatever may be the case with the neurofibrils, 
which have been suspected of being an artificial phe- 
nomenon due to the methods of histological preparation, 
where a variety of chemical treatments involve colloidal 
precipitations, what we are certain of, physiologically, 
IS the functional individuality of the neurones 

Thus, as Sherrington has shown, the periodicity of 
the impulses in an afferent nerve is not the same as 
that in the efferent nerve, along a reflex circuit , the 
centripetal excitation has not continued its progress 
along the centrifugal tract, but has aroused a response 
from a neurone, and this response has specific character- 
istics 

This specific character of responses is rendered more 
definite by a concept which we owe to the valuable 
work of Lapicque, that of ‘ chronaxy ’ ^ 

Chronaxy is a technical term for a duration of 
electrical excitation in a motor nerve or a muscle, such 
that the intensity of excitation necessary to reach the 
threshold of the response is twice as great as this liminal 
intensity (thence called ‘rheobasic’) with an indefinite 
duration of excitation But the term acquires a general 
significance and value inasmuch as chronaxy is linked 
with the specific characters of the nervous impulse ; it 
IS a time constant representative of this impulse, 
which has a periodicity, a speed of transmission and a 
length of period, all variable But the impulse should 
not be compared to a vibratory wave ; it is a wave of 
electric disturbance transmitted along the nerve,® a wave 

^ For a survey, see L Lapicque, “ Pnncipes pour une throne du fonctionne- 
ment nerveux,” Ranu giii&raU des Saences, 1910, pp I13-I17 

2 R S Lillie has given a physico chemical example of a certain disturbance 
which was transmitted as a wave with a variable speed, like a nervous 
impulse An iron wue placed m strong nitric acid, and then in a more 
dilute acid, is not attacked (this state is called ‘ passive ’) When it is 
touched with a piece of iron an attack is produced at this point (activation), 
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of polaniaUon, to follow Ncmst a conception, which has 
been verified and rendered more definite by the labours 
of Lapicque, Cardot and Laugier 

But — and here Is the Important fact — the exatation 
of one element by another b related not only to 
the intensit) of the etectncal disturbance, but also to 
Its own time constant. Lapicque has demonstrated, 
first, that each muscle has the same chronaxy as its 
nerve, and that if the chronaxy of one of the two was 
modified in any direction whatever, and all the more 
so if the two chfonaxies were modified in opposite 
directions the contraction of the muscle, under the 
influence of the excitation of the nerve, became more 
and more difficult to effect and for a certain relation 
between the chronaxies — when the one became double 
the other — could not be elicited at all (effect of curare) , 
on the other hand a parallel variation of the two 
chronaxies did not change the excitability 

These relations of the nerve and the muscle suggest 
the relation of one neurone to another the response 
of the neurone corresponding to the contraction of the 
muscular fibre is the production of an Impulse , this 
response is the more easily aroused by on impulse 
coming from another neurone in proportion as the ex- 
ating impulse has a time constant closer to that 
of the cxdted neurone, and in proportion as these two 
neurones in connection arc more perfectly * isochronic, 
in more exact syntony 

Thus even with prolongations intneated in many 
connections, the excitation of a neurone will involve 
a selective response by predominant action on another 
neurone which is suffiaently isochronic and so we 
get a reflex circuit- But if the exciting Impulse reaches 

vtUi the tool LcUre eScrraceace, wfakh tw ee p* tlcmc the esUie length ot the 
vtrt (at a speed of to to too cep U me tn a a acrand) and will be transmitted 
to asother vheln contact vith It, etc. t the paniTa lUtc beb^ tc-extabUshed 
after the paflKC^ erf the ware of acUratioii (R. B. Linie, The TnosmlBioe of 
FtnnV3kiglcai Inflocnce in Nerra and Other Foems erf LMn^ Sam/is 

19*0, No. 11, pp. 4*9-444>- 
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great intensity, responses will be obtained in more 
and more heterochronic neurones, which corresponds 
to the laws of the irradiation and generalization of 
reflexes 

Except in the case of pathological actions, the chron- 
axies of the spinal neurones must remain quite fixed, 
so that the reactions have no great variability. But if 
the neurones can undergo more or less important modi- 
fications of their temporal constant, new isochronisms 
and heterochronisms will appear and the play of the 
syntonies will be modified , and thus the reactions may 
be completely changed ^ But chronaxies vary with 
varying influences, not only those of toxic agents but also 
fatigue or physiological substances, such as adrenalin, 
etc Moreover, a fundamental point, chronaxies vary 
under the influence of nervous action itself “ an ex- 

^ Thus Babinski’s sign, which is chinctensUc of pyramidal lesions (and 
which consists in the substitution of an extension reflex of the toes in place 
of the flexion reflex normally elicited b} excitation of the sole of the foot) 
IS due, according to Bourguignon’s obseraations, to a vanation in chronaxy 
The flexors of the toes have a chronaxj equal to that of the posterior tibial 
nerve, which ensures plantar sensibility, while the extensors ha\e a chronaxy 
of half as much , thus it is normally the flexors which, being sjaitonized, 
respond to the plantar sensorj' excitation But as a result of pyramidal lesions 
the chronaxy of the flexors diminishes while that of the extensors increases 
until Its value is doubled There is now an accord between the sensory nerve 
and the extensors, and the reflex response takes the form of extension (cf 
G Bourguignon, “ La signification phjsiopathologique du signe de Babinski,” 
C R Ac des Sciences, July 20, 1925) 

® Thus Mme Lapicque has proved that a modification of the chronaxy of 
a motor nerve under the influence of caffeine occurs only when the nerves are 
bnked with the nervous centres, which must therefore be responsible for the 
modification of chronaxy (C R Soc de Btologie, 1913, LXXIV, p 32) 
More recently she has shown that the chronaxy of the peripheral motor nerves 
IS doubled when the effects of chloroform or an encephabc re section put 
the higher centres out of action , which demonstrates the influence of these 
centres on the value of the chronaxy (“Action des centres enc6phaliques 
sur la chronaxie des nerfs p6riph6riques, ” C R Soc de Biologic, 1923, 
LXXXVIII, pp 46 47) ^ 

Still more convincing is the observation of Bourguignon and Laugier 
which shows a reflex modification of chronaxy in man Excitation of the 
extensor of the left index during arterial compression of the right arm pro- 
duced an important modification of chronaxy (“ Modification sexpdrimentales 
de I’excitabilit^ parr6percnssion rdflexechez rhomme,” C R Soc de Biologic, 
1923, LXXXVIII, pp 265-270) 
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atation is capable not only of involving the proper 
response of the neurone, but also of contributing to a 
modification of the nature of this response by on action 
analogous to trophic action 

In particular, the excitation could have the effect of 
bnnging together the characteristics of the impulse pro 
duced and those of the activating impulse, which would 
produce a greater faahty, through repetition, for sub- 
sequeht excitation — an attractl\e explanation of the well 
kno^n phenomenon of the facilitation of nerve tracts, 
or Bahnungy which is the basis of all the phenomena of 
habit and of memory ‘ The chronaxies of the higher 
neurones and of the cortical neurones — pierhaps because 
they are subject to more numerous and more complex 
influences — appear to be the most variable 

We are dealing here with hypotheses which go 
beyond the facts but are in stnet agreement with 
them, and which since they are capable of venfica 
tion by conceivable methods, are no longer mere 
speculations. 

We may legitimately employ this method of explana 
tion and ivith Lapicque relate the ideas of unequal 
and variable resistances of the 'synapses, the points 
of juncture of the neurones, to the syntony of the 
nerve cells , the transmission at the level of the 
synapses symbolizes the excitation of the neurones by 
one another The phenomena of ‘facilitation * and 

^ DeUgc hu ai pr m ed thii bjrpoUiciU m foDovi — When a nearene « 
has forced a neoroDe h to rfbrate with It bj rcasoa of the isteoaltjr of the 
exdtatkm and b ^nte of the dlffcfcnce between the Tfbntory mode of b azid 
Its own it modifies In this way tbo mode of h and it Dearer to its own. 

It causes this appradmaHoa for a conaiderabla time bot i gradoally re co T er i 
Its original mode except for a slight remainder which cootinoet to HImInkli 
■Jowly wilhoot erer disappearing altogether ( ConilitnlJondciIdfet,'* 

Pkii*s 1915, p. J99J reprinted as Chapter V p. iii In hb book Lt JWs*, 
Pans, 19*0) 

' PadUtatkn which seems to be a mental efiect of attention has alwi 
a Tcry exact pbyiiokigkal significance, shown In the study of cortical 
functions, by Graham Brown in particular By ttlmulatian of the motor 
point of the cortex, the exdtahfU^ of odgbbouidng coniKctcd rq;loQS b 
augmented (bat not If the association fibres are cut), which 
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those of inhibition may find their explanation in modi- 
fications of the nature of the impulse of a given neurone 
under the excito-modifying influence of other connected 
elements. 

With the support of the physiologically established 
idea of the individuality of the neurones, and that of 
time constants allowing syntonised communications 
in a complex network (as we tend now to use the 
processes of wireless telegraphy ‘with wires,’ however 
paradoxical the expression may seem), we may examine, 
very rapidly, a few questions of sensory reception and 
of associativo-motor connection, in which both specificity 
of reception and switching of reactions must be involved. 

A cold metallic point touches the skin , it gives rise 
to a sensation of contact, a sensation of cold and an 
impression concerning the location of the cutaneous 
region thus doubly excited One nerve-ending has 
been affected, and thence proceeded the impulse con- 
ditioning the sensation of contact , another has also 
undergone a modification appearing as an impulse 
from which the sensation of cold arises The two 
cells of the spinal ganglia, on which these peripheral 
nerve-endings depend, each enter into functional 
relation with a senes of other relay neurones, to 
excite them in their turn and, finally, to stimulate in 
the ascending parietal convolution a specific incito- 
associative neurone of contact and one of cold, the 
specificity re-appeanng at every level, by determined 
— and different — categories of reactions j but the same 
types pf reaction will be released by all the elements 
of the afferent paths of the contact group and the cold 
group Besides, each point touched gives rise to the 
excitation of a particular chain of neurones and this 
involves certain reactions having a different specificity, 

‘secondary facilitation,’ just as for a certain time (ten seconds), the threshold 
of excitation IS lowered by a brief preliminary excitation (“ On the Phenomenon 
of Facibtation,” Quart Journal of Exftr , 1915, IX, pp 81-99, 

117-130, 131-145, 1916, X, pp 97-102, 103-143) 
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a local signature this time sensibly common to the 
two adjacent chains — because they are adjacent — and 
finishing at points which are very close together, of 
cold and of contact, 

Vaso-motor and pilo*motor reflexes will characterize 
the cold excitation, as distinguished from the tactile 
excitation, and this in connection with the different 
groups of neurones excited by distinct spinal tracts, 
and having their own connections and isochronlsms , 
bnt particular reflexes, scratching for example may 
also be released by the two excitations the muscular 
co-ordination being spieafically modified according to 
the position of the nerve endings excited at the surface 
of the skin at every level of the chain of spinal 
encephalic neurones involved * 

The specificity of the retinal excitations with its trans 
lation into reflexes which are pnncipally ocular and 
altogether different in type, constitutes a quite hetero- 
geneous group, that of vision in which the qualities 
of the sensations (brightness and colour) will also be 
accompanied by local signatures. 

In every case, from the fact that a chain of neurones 
IS set in operation, with all its own reaction processes, 
which depend on its connections and Its chronaxic 
coefficient, there is a sensory specificity connected with 
the individuality of the responses This represents the 
form that Mailers important principle of the specific 
energy of the nerves may take to-day 

Now, IS there not a new quality which may arise, 
with a single chain of receptive neurones, from the fact 
of changes m the quantity of the excitation, the fact 

^ Tbe local tpecifdtj — rea etl f c lo oricm — U ao that at the rti-rx* of 

the retuTtij of a ac T cr e d perlpberal dotc, wbcQ tbe fibres lose theb way aa 
•ocnetiraa happens, and arrhe ht a cstaneooi region dlfierent firom that which 
they had formerly hmerrmted. an exotatkm from this new regkm Is referred to 
the old one t thna In the l ecor eiy of tbe Kktlc nerr e In a patient wonnded In 
the war the fibres Innerratiag the bed and toes ended in the genital organa, 
and a contact nodergorK by those organs fare aemarkmi locaUxed In the foot 
(rf Andxfi Thomas Restaeratlon dfifectense des fibres lemhlres, Topopare*' 
thesles-synestb ei lea," Ji^wtu 1916, X-X, in (r), pp. 305 311). 
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that the specific sensation presents different levels of 
intensity? Fechner’s law has here taught us that these 
apparent increases in intensity occur less rapidly than 
those in the quantity of excitation • but this purely 
physiological law is characteristic, in a very general 
way, of the quantitative variation of an organic process 
produced by a given excitant , the process tends towards 
an impassable limit and its increase weakens progres- 
sively before approaching this limit This roughly 
approximates to the logarithmic law, and the rate of 
increase of a negative variation, of a magnitude pro- 
portional to that of the nervous impulse to which it 
bears evidence, is in the form of an S curve (slow at 
first with acceleration and then weakening) as research 
on the excitation of the retina by light has shownP 

All along the receptive chain, as far as the cortical 
connecting neurones, the response — the sensation of 
which will be the associative interpretation, with its 
perceptive reactions — will thus increase as a function 
of the intensity of excitation according to a complex 
formula whose logarithmic law is almost represented 
by the graph of the middle range of the growth 
curve “ But how can these variations in the magni- 
tude of the response be ascertained ? Here the idea of 
quality makes its appearance 

We may suppose that a modification of reaction is 
due to a process of irradiation reaching reaction circuits 

^ Haas’s researches (Leiden, 1903) cited by Victor Henn and Larguier 
des Bancels (“ Sur l’inlerpr6lation de la loi de Weber-Fechner," C R Soc 
de Btologte, 1912, LXXII, p 1075, and Archives de Psyckologte, 1912, 
XII, p 329) 

® At the same time the latent period of the reception diminishes according 
to a curve which some have tried to connect with a loganthm of Fechner s 
type, and which is really a kind of hyperbola But this decrease results 
from a combination of complex phenomena, which, after having determined 
the general law, I am analysing for vanous sensations {cf H Pi6ron, 

“ Recherches sur les lois de variation des temps de latence sensonelle en 
fonction des intensitds excitatnces,” Annie Psychologigue, 1914, XX, pp 
17-96, “ Nouvelles recherches sur I’analyse du temps de latence sensonelle 
et sur la loi qui rehe ce temps d I’lntensitd de I’excitation,” Idem, 1922, 
XXII, pp 58-132) 
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that are more and more heterochronic , each new ex 
tension being specific of one further degree of intensity 
of the sensation, whpse increase is discontinuous by 
that very fact, the rise of one degree representing the 
value of a dififerential threshold But the change in 
intensity often seems to be charactenred not by an 
extension but by a modification of the reaction ' I have 
also suggested the hypothesis — which so far lacks any 
expenmental support — that the augmentation of the 
intensity of response might be accompanied, in the 
cortical connecting neurones, by a progressive modifi- 
cation of the chronaxy changing the isochronisms (by a 
distant analogy with the movement of the length of the 
predominant wave in black body radiation when the 
energy gi'cn out increases with the temperature) 
Thus a dog, which by the method of the conditioned 
reflex salivates for a sound of a certain pitch and 
intensity, can be trained not to salivate for a note of 
higher or lower pitch and also for the same note of 
higher or lower intensity, provided the diEerence 
reaches the value of the differential threshold, that is 
to say of the step corresponding to a modification in 
the nature of the reaction circuits involved in the 
response — a step which would then represent the 
difference of chronaxy sufficient to pass from one of 
these circuits to another more perfectly isochronic," 
Other hypotheses are possible In any case, a different 
specificity of response must be implicated in order to 
add to the deg^es of sensation connected with general 
and local qualities, the degrees connected with different 
intensities 

The practical value of these categones of qualities is 

i WbcQ there b a jodciaent of tdeoUty or differenee, It b % 

particnlar foebdre reactkia of ibc mcodcI order b occorrtng, candidoDcd 
by the primary reaetkm, whether the ame or different thb U a pin in 
percepdre koowledfe, 

• Cy H. Pttroc, Sot b tl^ScadonphyiiologlqQe del lob ditea pajeho- 
phyilqiiea (Commtmkaiiioo i la Soditi de Pajchokgie da i* )anTicr ijai, 
ipii XIX, pp. 365 370} 
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very unequal the first inform us concerning the 
particular groups of stimuli (luminous, thermal, 
mechanical, vibratory and others), the second con- 
cerning the active intensity of the stimuli in opera- 
tion. But our scale of intensities is composed of 
very unequal steps which arc close together only for 
the middle of the scale, the most usual magnitudes of 
excitation (Weber’s law of the constant proportional 
variation of the difTcrential thresholds in comparison 
with absolute intensities of excitation being — very 
approximately — valid only for these middle values), 
and which are greatly increased at the upper and 
lower extremities.^ 

Furthermore, the appreciation of quantities of ex- 
citation can only become satisfactory when we have 
substituted local and more constant qualities for these 
intensive qualities of sensations, especially if w'ell- 
chosen receptive areas are taken 

By making use of the capacity w'hich discriminates 
two points seen by the fovea or, if need be, felt by the 
tips of the fingers, we render possible the reading of 
artificial scales in which we find a constant srradation 
serving as a common measure and movable at will from 
place to place Scientific ingenuity has been able to 
submit to such scales almost all the phenomena 
that we were tempted to estimate according to the 
intensity of the sensation felt, with the sole exception 
of light, the idea of which is not yet freed from its 

Not only is the correspondence of degrees of reaction with the quantitative 
variations of excitation very imperfect, but there are also important modifica- 
tions of organic origin even in the correspondence of the magnitude of the 
afferent physiological process with that of the process of stimulation , and this 
holds true at variable levels of the chain of receptive neurones (under vascular 
influences, for example) but especially in the incito-associative connection area 
of the cortex Here the phenomena of facilitation and inhibition (which 
appear as vanabons of attention) play a large part In sleep, when the 
affecbve area does not intervene to reinforce the selecbve sensabons, the 
inhihibon of the connecting funebon is almost complete Very intense 
sensabons succeed m filtering into the associative region only like a ray of 
light under a door, scarcely influencing the filiform course of the thought of 
the dream 
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primitive sensory envelope.^ Measurement originates 
from the qualitative distinction of juxtaposed chains 
of receptive elements to a specific response, to which 
the discontinuity of number is adapted, the other 
qualities" (the pitch of sounds the chromatic shade 
of lights, etc.) being also utilized, but rarely in methods 
of approximation It is in a general way, conditioned 
by the number of incito*assoctative receptive neurones, 
selectively excitable, having specific connections and 
able to produce distinct motor, verbal, evocative and 
other reactions 

Since a differentiation is biologically possible only 
through the passage from one reaction to another, 
discontinuity 13 an inevitable law , when we are con- 
fronted by continuous phenomena, perception is effected 
step-wise in space and time Whatever may be the 
appearance of subjective continuity connected with a 
passive attitude, psychological phenomena are essen 
tially discrete or, if it is preferred, our psychological 
knowledge of phenomena 19 fundamentally discon- 
tinuous — a fact which is related to the mechanisms 
concerned 

^ It b not graenlb realhed tint tigbt U not a pbTtial pheDomcnon tnt 
tbe pt^dto-phytloloclcal effect of certain kind* of radjanoo, and that Una tbc 
Idea onmnlncpos Intmcty iharc* In all the noceitaiDtks of tha intenstre qnahties 
of the aenmtiocu (</■ H, PLiron, pbotocnftne est-cUe poulble ? ” Rmu 

ii Mns 1919, 116 pp. 3oS-ai5, Daprindpei phjiiolopqoei qtd doirent 
piMdcr k toQte Atnde dfl la lomiere, Rtvm SnoMS October 15 

and 30, i 9 »oV 

• Tbcae cpallde* arc alao conditioned by a idectiTt ciritation of T p«rT^ 
tLenrooc* with their own aacodatlTe andrenctiTe conmctkeii, the ntimbcr of 
pefcepdbla ihadea or mnilcal notea b limited by the number of the connectiDg 
Dourtxiei aeparately eidt abb by a vaiiadon fa tbe frequency of light ray* or 
aoQiid Tibmlcvia. 
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THE ^rERBAL FUNCTION AND 
THOUGHT 

(The Cerebral ilediamtm of Language and Aphana) 
INTRODUCTION 

It is -when we try to represent the cerebral functioning 
of language and symbolic thought that we put our 
general conceptions of psycho ph>stology and of cere 
brology to the most severe test. 

Theories are numerous and arc the subject of violent 
controversy, and as a result of over-simple scheroatiza- 
bon many people have become hopelessly confused 

But from the various efforts which have been made 
and the immense stock of observations accumulated on 
the disorders of language and on aphasia, it is possible 
to disentangle some essential data, which may serve 
as a guide , and if we look at the question in the light 
of the modern dynamic view, whether physiological or 
psychological, the confusion may be dissipated, and 
old views which we are too often content to reject with- 
out seeing that they express, though in an inadequate 
form, incontestable facts, will be interpreted in a different 
sense 

Without entering in detail into their history, we may 
recall the three great stages of the evolution of theories 
of aphasia * 

In i86i, Broca gave a masterly description of the 
disorder which he called aphemia, and which consists 

^ Tlw fanpocunt Hrmiimj of ibe nutter In TnnpA Mostiftf’* 

(L Afi*su «3r 5rwM, I905} nay be profitably oxanlted. 

It* 
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in the abolition of articulated language with preserva- 
tion of the activity of articulation and of the “general 
faculty of language,” and he indicated as the seat of 
the correlative lesion the foot of the third left frontal. 
In iB6g, Bastian described verbal deafness, a disturb- 
ance of the auditory comprehension of language without 
injury to audition Wernicke indicated, in the first 
left temporal, the centre whose lesion involved the loss 
of ‘ auditory images ’ of words Then verbal blindness 
and agraphia were isolated , the types of aphasia in- 
creased and explanatory diagrams were sketched With 
his admirable lucidity Charcot elaborated a doctrine 
which became classic, and outlined a general diagram 
on which numbers of others were modelled 

Dejerine, who adopted the general views of Wernicke, 
denied the localization of writing, only admitting the 
existence of the centres which seemed to him innate. 
Yet he located the visual images of words m the angular 
gyrus And he distinguished aphasias m which inner 
language is affected, through destruction of the centres 
where the images of words are stored, from those in 
which, owing to sub-cortical lesions,^ there is a simple 
isolation of the centres, causing a pure aphemia, a pure 
verbal deafness and a pure verbal blindness 

Finally, in igo6, Pierre Mane entered the field and 
endeavoured to combat the distortion of facts with a 
constructive theory. He showed that aphasia of the 
Broca type was a total aphasia, and maintained that 
the foot of the third frontal played no part in the function 
of language For him ‘ Broca’s aphasia ’ covers an 
incapacity for verbal articulation, an ‘ anarthria ’ con- 
ditioned by a lesion located somewhere in a very large 
quadrilateral including the insula and the lenticular 
area, and a true aphasia, an intellectual disorder of the 

1 Dejerine was obliged, however, to recognize that the sub cortical lesions 
did not signify aphasia with no disturbance of the internal language pure 
aphasias were accompanied by widespread cortical lesions (Pitres, Ladame) 
and disorders of the internal language were noted in cases where there was 
no cortical lesions whatever 
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comprehension and use of language, connected with a 
temporo-panetal lesion, in ‘ Wernicke s cone. There 
are no verbal images, or motor images any more than 



FiO^ 16. Charcot’i diagram for tbe ceatrts of language according 
to Barnard • theau (1865) 


there are audvtory or visual images , hence there is 
no aphemia, verbal deafoess or verbal blindness ^ 

At present, in an atmosphere of thought impregnated 
with l^rgson s powerful critique, so quickly assimilated 
that It has become impersonal, it is the intellectual 

^iSfaice tin ea p c ri cD ce of tbe 'War the really of tbe 1^ rtfba] bOod 
oca hu been neopdud bj Vicne Itarie and fab popib. 
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analysis of the function of language, such as that 
attempted by Head, which has come to the front , and 
we are returning to the profound views of Hughlmgs 
Jackson,^ which were obscured by the brilliance and 
prestige of Charcot. We are concerned with the facts, 
but we still find it difficult to break away from the 
bonds of sympathy or antipathy in regard to the 
theories 

^ See the studies of Head and that of R. Mourgue (“ La mdthode d’dtude 
des affections du langage d’apr^s Hughhngs ] acVson,” y^eun:a/ de Psychologies 
1921, XVIII, pp 752-764) 



Chapter I 


THE ACTUAL DATA CONCERNING 
APHASIA 

Let us consider, first of all, the nature of the facts 
revealed by pathology 

Are there verbal blindnesses, verbal deafnesses, 
\ aphemias and agraphias? What is the effect of these 
disorders on thought? How are they inter related? 
Can they exist in a pure state, cither at the outset 
or as the result of a general disturbance ? These arc 
questions which must be considered without prejudice 
and without theoretical contro\ersy, before we discuss 
the problem of mechanisms or the points in which 
current notions require correction We will therefore 
examine the facts first from the point of view of the 
four forms of aphasia distinguished in Charcot s theory, 
and then from that of complex aphasias, in their 
relation to thought.' 

I Verbal Blindness 

Numerous observations establish beyond doubt the 
existence of an isolated disorder beanng on the verbal 
comprehension of graphic signs 

In one case, which we have elsewhere described, the 
incapacity to understand and to read words occurred 
from the very start, accompanied by a nght hemianopsia. 

^ We eball bftTe occirion. In -wbst loOom, to aJIode to per»oa*l obeerra 
tixa on caea of Injary ot ffincalDtliearamof thoWai Tboe oLacrratlotj 
were patdiilied in a itEdy ( La nodoo de» ceotrea co-ordinatcon cdrdbfta 
et le mdcaaicae dn hn^t ") mlith appeared In the Pkilet^pbgMt 

{1911 46d»yeari pp. lod-iig). 
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As the hemianopsia did not affect the macula,^ there 
was no visual disorder Objects were well recognized, 
and so were designs, as well as most of the letters and 
even some words Little by little, by regression, oral 
reading developed, as did the capacity of interpreting 
m movements of articulation the images corresponding 
to the phonemes, comprehension following the enuncia- 
tion of the words ; the graphic copy — even with 
different signs — had always been sufficiently well 
preserved (transcription of the printed text). 

The greatest disturbance was in the synthetic compre- 
hension of phrases, it was less for words, and least of 
all for letters , there was a slighter difficulty m oral 
reading, and a minimal difficulty in graphic tran- 
scription At the same time it was a man with a 
musical education — there was a total lack of compre- 
hension of the nature of the notes in the key of F, and 
a partial lack of comprehension of the notes in the 
key of G. 

Here was a case of blindness, not absolutely com- 
plete but very marked, not accompanied by agraphia, 
aphemia, or word-deafness, or by disorders of the in- 
telligence The patient understood and wrote — without 
being able to read his work again — several languages , 
he wrote spontaneously or to dictation, at least with 
his right hand, though not with his left 

This observation was in every way paralleled by a 
certain number of others which have been published 
since the first account by Dejenne* in, 1892. Dejerine’s 
clinical description of this syndrome is scrupulously 
exact 

The comprehension of numbers and symbols (R F , 
for example, cards, dominoes, flags, etc ) is preserved, 
sometimes with a lack of comprehension affecting all 

^ There are pseudo alexias through loss of macular vision, through a con 
siderable diminution of visual acuity very large letters are recognized, while 
small print gives a confused vision 

Cf particularly the case, where the patient afterwards recovered, cited by 
Dejcnne in Simiiologtt des affections du systime nerveiix, 1914, note on p 94 
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the letters (literal blitidaess) ‘ the name of the patient 
IS generally recognized^ but not always There can 
be complete incapacity to pronounce the syllables and 
the "words seen Finally the transcription of a printed 
text may itself be affected 

Cases have been mentioned where verbal blindness 
was accompanied by an inability to name the objects 
seen* — although they were recognized Cases of this 
type often involve more complex disorders, such as that 
of naming objects felt, and then real recognition is 
doubtful it might be a matter of asyrabolia or general 
agnosia. But sometimes it certainly seems that the 
incapacity to name the words seen constitutes an 
isolated disturbance, since the objects are recognized j 
a functional associative disturbance would prevent their 
being called by name, the attention being fixed on their 
evocation by means of sighL* 

We may note, that right hemianopsia due to lesion 

‘ Iq tills cDonedlan, Ukt« ue cues fas wUdi Utenie iadMdBkl* am nsd 
the word u a by onl r«petiU 90 sod kmocUiocs oadetstaod it vitbtml 
betos tbie to arpumte it into fyUsbles sod tbe kttm MfSLnileb 

J FitKoent sod A. Derie, Cootribolion i ) bode do Is cichfi, d« U 
KtrdU6 Tcrbsle et dc U psisphsiU ** BmIL ti Xliwu, dt t* Soe m4d dii 
AArfj May 13 1913, VoL tl pp. 1010-1017) 

* Cf Von Roietifcld. Zar o p tlacb -s u iiKgiacbcn Apbuk " Natr Crmfr 
Msy 1 1901 p. 303. OptkBl spbsiisvu described Fnod ia 1904. 

* In K cue of s boHel voood In tbe left bendrpbcre with trepfainiiig st 
the lerel of tbe sufr^ki cyms nesr the exit (vilh s frootsl entrxnce) a 
bomoDymoQt bemisoopcs wu sccoaopaiiied by risnal agoenk chuactoiicd 
by the recogo lt too of objects with Inability to name them wilboeit Tcibtl 
bBndnem, words read bdt^ uodemood (P J code) be Une foroe d aplMiia 
tumOc ■* Rn mid. dt tKu 19x0, p. JJSJ. Bol, in geneial, optical aphask 
is accompanied by rerhal bUndnesa. \ciy dear cases have TeeenUy been 
described by Lcm^ Fonasep and Crooxoo and Vtleoce. In the fin* 
followed by aotopay (which lerealed a softening of the angokr gyms and 
of the inpcriof ocdpital cocrolatlon) objects were named aa toon u they weie 
touched hnt coold not be naraed when they were only seen 1 in the seeood 
a clear Tcthal b U n d o m persisted during the retrocesdem of optical ajiaria 
(difficulty in getting the names of ol4«ta and cclcmn whboot error In 

of correct recognition) and a cnriooi loas of tbe power of, u it were 

reading objects {,<f L. Pouaep, Cootribollon an* rechercbes inr la 

loq Jl M t ioc de I apbasie riiueUe** Prau mAlicale 1933 pp 5645651 

Crottsem and Valence, Un cm daloik pore, BuR. tt M/m dt la Sff 
M/£UU in Bifiittux 1933 pp 11451149 } 
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of the optic radiations of the left hemisphere almost 
constantly coexists with verbal blindness ^ This is 
an interesting fact in connection with the localization 
of the lesions, and we shall return to it when we 
come to deal with the problem of verbal localization. 
In one of my cases, however, which was not due to 
the usual pathogeny, as a result of small lesions due 
to shock, I found verbal blindness without hemianopsia. 

There are, therefore, verbal blindnesses which are 
incontestably pure, with differences in the extent of 
the disturbance They do not exist only in theory, 
but a clinical reality ^ 


2. Ve}bal Deafness 

Though pure verbal blindness is well-established, 
we cannot say the same of pure verbal deafness, though 
a lack of comprehension of language is common among 
aphasic patients 

Dejerme, in 1914, had difficulty in collecting eight 
cases of pure verbal deafness without peripheral dis- 
turbance of the auditory apparatus But since in certain 
of these cases there was a bilateral lesion of the temporal 
lobes, with a central impairment of hearing, it may be 
suggested that the lack of verbal comprehension was 
due to insufficiently distinct audition or confused 
reception 

In 1898, however, Liepmann reported a case of pure 
verbal deafness which had lasted fourteen months and 
in which the autopsy revealed only a recent haemorrhagic 
centre, the cause of death — masking a more ancient 
lesion — in the white matter of the left temporal lobe, 
with no injury to the right temporal lobe Audition 

^ lu a left-handed individual, however, pure verbal blindness was accom- 
panied by left homonymous hemianopsia, mdicating a lesion of the right 
hemisphere {cf J Bollack and L Hartmann, Sonlti (T Ofhihalmologte, 
January 15, 1921) 

- “Pure verbal blindness, or more accurately, pure alevia, exists,” says 
Chatelm {Les blessures du cerveau, and edit , 1918, p 109) 
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was not affected, as in one of the cases of Hirard and 
Maillard (1910), -where there was no autopsy 

But though from a clinical point of -vncw we may 
neglect pure verbal deafness, which is very rare, its 
mere existence, even as an exception, loses none of its 
value from the theoretical point of view * 

In these cases there is correct speech, complete pre- 
servation of spontaneous wnting, and normal compre- 
hension of -written texts with oral reading unaffected 
But speech cannot be repealed and writing to dictation 
IS impossible. Articulation by the phonemes heard is 
lacking, as well as graphic translation, and at the 
maximum, there is no comprehension of phrases and 
words 

But nearly always — and hence is denved WemicWs 
and Dejenne 8 idea of sensory aphasia — when the words 
pronounced are not understood, the words read are not 
any better understood This common syndrome has 
been conceived, on the lines of Charcots theory, as a 
combination of verbal blindness with verbal deafness 
Thu IS questionable, as wo shall see , but it must be 
noted that both are susceptible of degree. We have 
indicated the variability of failure in visual compre- 
hension, From the auditory point of view, the name 
of the patient can be recognized, sometimes also his 
Christian name, sometimes a few words. There may 
be a lack of comprehension of foreign languages only , 
there may be a lack of comprehension limited to cer 
tain words or to complex phrases Usually there are 
several words which arc understood and which cause 
the rest to be guessed at, naturally with errors , gram- 
matical subtleties, conjugation and syntax, escape the 
patient. 

Generally comprehension is more affected than the 

I AortberofPiern-U«fe«pBi5i*,Ch.PoU,ia*dl*ctti»ioo«itbeSod#tAde 
N«rolc^dtPiri»,rtpcprte<iiii»tl«t*dfomaKaueorp(m 
u a reUrt ot a more complete aadltoty agnosk {Rrxmt iqaa. 

XXXt (H) p. 500 ), 
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repetition of words or writing to dictation. But it can 
happen that repetition is electively affected, more than 
comprehension. A very good example of this came 
under our observation and its interpretation deserves 
to be discussed 

When there is no coexisting aphemia, there may 
indeed be speech, sometimes correct (pure verbal 
deafness, slight disturbances) and sometimes — in the 
ordinary case — with paraphasia (one word being said 
for another) or jargonophasia (completely unintelligible 
phrases) 

The variations noticed between one case and another 
may also occur in the history of a single case, either 
through progressive amelioration or through aggrava- 
tions (series of ictuses). In fact, certain forms are 
regarded as possible only by way of residue. 

But whatever its origin, which is very important 
clinically, for theoretical purposes the occurrence of a 
dissociation on any occasion makes it imperative that 
we should not neglect it And it is an incontestable 
fact that though verbal deafness is not usually found in 
the pure state, its intensity may vary independently in 
relation to other allied disturbances, not only phonic 
or graphic, but even in relation to those of verbal 
blindness 

If in weakened forms we always found more verbal 
blindness than deafness, and if the order of disappear- 
ance or of reappearance were always the same, we might 
suppose that they were various degrees of one injury 
But this is not so In some cases auditory compre- 
hension or the repetition of speech appears to pre- 
dominate , in others reading aloud, a more vulnerable 
activity, whose development, moreover, is often very 
slight , and finally, in others, and these are the most 
frequent, with visual comprehension , this indicates that 
the two processes are possibly independent, in spite of 
their clinical conjunction, quite apart from the question 
as to whether, in certain cases, the double injury may 
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or may not arise from the same mechanism ' This 
dissociation scarcely alloi^s us to assume the existence 
of a single type of aphasia, varying only in degree 
It might be a matter of a complex with unequal par 
tiapation of the components We must say then that 
verbal deafness is a disturbance which, clinically, is 
found onlv exceptionally tn the pure state, but which 
may constitute a relatively independent element of a 
complex clinical syndrome 

3 Aphtinta 

Though verbal blindness is not very frequent in the 
pure state and verbal deafness is extremely rare, 
aphcmia — in the sense given it bv Broca, though his 
pnncipal case did not conform to the definition— 
Dejennes sub~cortical motor aphasia, Pierre Manes 
anarthna, constitutes a frequent disturbance of 
language, either pnmary, or as a relic of a more 
complex aphasia. 

In aphemia, language is understood, mental reading 
IS perfect, and mimicry and writing supplement the 
incapacity for oral expression The words which the 
patient wants to pronounce arc Known and if he is 
a person of sufficient education, he can even indicate 
the number of syllables or of letters of the word which 
he cannot enunciate 

Aphemia is sometimes associated with agraphia, the 
incapacity to write words, which are however known 
graphically and understood when read But as aphemia 
IS generally accompanied by nght hemiplegia, cursive 
wnting cannot be followed , we may note, then in most 
cases that the left hand succeeds in tracing awkwardly 
the responses which are impossible orally More often 

1 In Mcwder’i Cue Pfck 33 fijt eampU (p. 69a) we note tint the 
exeentioo of written orden, erco when cempUmed wmi tlwij* perfectlj 
cDcrect, whereu there were erron tn the exeendoo of the ume errdm when 
toffiexted onTly The reTCue Is the otdinuj rule. In cm of 1B7 own cues 
rxpetlUoo wu dot* diScalt then reading tlood, end thU le not >rr.»^.prtnr-i 
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the aphemia is associated with verbal deafness and 
blindness, and is then complicated by complete 
agraphia In the weakened forms, some words can 
be pronounced, but the construction of phrases, syntax 
and conjugations are impossible 

There are aphemias with loss of those elements of 
internal language that Dejerme regards as the motor 
images of verbal articulation, distinct from pure 
aphemias with preservation of these elements The 
former involve a disturbance of comprehension in 
reading, a slight disturbance in audition, an inability 
to write spontaneously or to take dictation, though the 
power to copy printed matter remains unimpaired, 
and an inability to indicate the number of syllables 
in a word (Proust- Lichtheim test). The last inca- 
pacity is the important fact, indicating loss of images 
of articulation But it should be noted that as long 
as the auditory evocation of words is preserved, the 
number of syllables can still be indicated, and the 
number of letters in the case of visual evocation ^ On 
the other hand, when we find disturbances of audition 
or of verbal vision, we can scarcely talk of aphemia 
alone The criticism of aphemia of Pierre Mane, who 
treats these cases merely as relatively weakened complex 
aphasias, with a predominance of the disturbance of 
speech which he calls anarthria, is evidently justified 

There are pure aphemias or aphemias associated with 
other disorders of language There are no grounds for 
differentiating pure aphemias with or without loss of 
‘ motor images ’ These are theoretical conceptions — 
with an anatomical representation which has been 
recognized as erroneous by Dejerme himself — which 
became mixed up with the facts and distorted them 
Pierre Mane has enabled us to remove a dangerous 
source of confusion. 

^ ty J Froment and O Monod, “ L’dprenve de Proust-Licbtheim- 
Dejenne,” Revue de Midicine, 1913, XXXIII, pp 280-295 
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4 . Agraphta 

Dqenne, following Wernicke, holds that there are 
disturbances of writing among aphasic patients, but not 
agraphia as an independent syndrome , and this for 
theoretical reasons since he objects to the identification 
of the mechanisms of speech and wnting * 

These disorders, he contends, anse either from a 
disturbance of internal language among motor aphasics 
or from a sensory aphasia writing is preserved in the 
‘ pure syndromes, pnrt verbal deafness (except, of 
course in dictation) purt verbal blindness and purt 
aphemia only 

Writing, on this view, is also always affected, what 
ever the manner of wnting, with the left hand or with 
the right, and, among motor aphasics who have lost 
their internal language, agraphia would develop parallel 
to apherma, and disappear with it 
But these assertions are not borne out by the facta 
in one of my own cases I found aphemia without 
aphasia of comprehension accompanied by agraphia 
and the agraphia was still very marked when the 
aphemia had almost completely vanished There was, 
then, no parallelism, and the two forms of verbal motor 
expression occurred independently 

On the other hand in a case of pure verbal blindness, 
cursive wnting was perfectly preserved, but the patient 
did not know how to wnte with his left hand, for he HnH 
never practised wnting with this hand, and endeavoured 

1 At fint DeJeriaaMraiB^ the ulstence of acorUol Tcrbil bHadne*, with 
dnfr acdop f the tIsimI laigea of woidt withcBt Teib*l uuj 

chaactctucd bj tpiphlx, which ftccompuiled tbU form of rab^l 

J Utjerlne Cootribatloa I Abtde *n4toTn&-patholciffiqtte ct cUnijue 
dei difPireote* nxiiitit de cWt6 Tertwlt,” a»m*{ns dt la S*aMi <U BUltgu 
1S91 pp. 63-go) — Dejerioe et Aodri Thocau, Sm nn cm de c 4 dt 6 -mb^lo 
CTec termphic tot! d’antojme,'* Rttnu nw$bfxfu£ July 15 1904 pp. 655 
6^) Later bo connected »£i»phi» with the icowry of Wemiekt, a. 

comtJn*lioo of cortic*! Ttrh*! hUndnw tod dcufoe* (Dejerine L»tT» 
Ptie, Prffris iltdieal July ij, 191*, p. 344). 

L 
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to draw graphic symbols where visual evocation failed 
him ^ 

Thus the agraphia of the right and left hands is 
clearly not parallel. Moreover Pitres records a case 
of agraphia of the right hand without paralysis, with 
the power of writing with the left hand, a pure motor 
agraphia during a regression of aphemia , ^ and other 
analogous cases have been observed.® Though such 
cases are rare, the fact that they exist is enough to 
establish the existence of an autonomous mechanism. 
This IS a point on which we insisted in connection with 
verbal deafness, in opposition to Pierre Marie’s nega- 
tive view and in favour of Dejerine’s theory Against 
Dejerine’s denial based on one of Wernicke’s theories, 
we can only repeat it again. 

Pure agraphia — in so far as it is a verbal syndrome — 
may also accompany apraxic disorders without paralysis, 
the inability to perform habitual complex movements, 
as in the case of a left-handed patient who had learned 
to write with the right hand and with whom a left 
hemiplegia was accompanied by apraxia and agraphia 
Naturally there are degrees in agraphia as in aphemia, 
letters and numbers can be written, but not words, and 
still less phrases The name, the year, the place and 
the date of birth are often retained 

In general, spontaneous writing and writing to dic- 
tation evolve on parallel lines, but copying even printed 
texts transcribed in cursive hand is always better, be- 

^ In certain cases of pure verbal blindness, writing can be done with the 
left hand, as in the case of a ngbt hemiplegia observed by P6lissier and SalJ:s 
{Revtit ueurologtgue, 1913, XXI, II, p 118), with a general tendency to 
rc\crsal, by reproducing the graphic mechanisms of the ngbt hand, which 
arc imagined and transferred to the symmetrical hand 

® cy A. Pitres, " Consideration sur I’agraphie d propos d’une observation 
nouaellc d’agraphie motrice pure,” Revue de Midecme, 18S4, pp S 5 S'S 73 
and Congris de Lyoi:, 1S94 

® Cf Van Gehuchten and Van Gorp, 'Bulletin de I’Academte de Midecme 
de Delgtgue, March, 1914 

C/ T Seiler, “ Uber eincn Fall a on reiner Agraphic bei einem an 
linlvsseitigcr Hcmipareselcidcndcn Linkshandcr,” Ronespondenzbldlter f 
Sehieizer Aerzte, 1913, XL\' 1 I, pp 1541-1558 
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cause there is something more mechanical about it, as 
Dejerine remarks. In the most serious cases, the copy 
mg Is done like a drawing, and printed letters are 
slavishly reproduced. 

In the lightest forms, only certain failings are ob- 
served ' 

Agraphia, which exists in complex aphasias, may be 
the only disorder accompanying verbal blindness 

Indeed, it seems that the existence of agraphia in 
cases affected with pure verbal blindness is connected 
with insufficiency of instruction or of graphic practice, 
Wntlng has not become automatic with them It re- 
mains a drawing, a copy of a model visually evoked 
When this evocation fails wriong cannot be performed , 
and then paUents are very anxious to be given a model, 
and if necessary will fetch one, when they come across 
a letter they can no longer write 

This happened m a case of shell shock which came 
under my observation In literate persons, on the 
other hand verbal blindness does not m the least dis 
turb automatic writing of the nght hand, but it may 
disturb attempts at writing with the left hand 

5 Tk* Aphxne Compltxts and tiu JntfUtctual Stait 

We find isolated disturbances of visual or auditory 
comprehension, of oral or graphic expression, but usually 
there is a complex disturbance with a variable pre- 
dominating factor , sometimes the aphasia is total and 
complete. When we are dealing with well delimited 
agraphic disturbances or verbal blindness, the reverbera 
non of these on behaviour may be relatively negligible , 
especially, of course, if the patient has had only a 
rudimentary education But even in aphemia, even in 
pure verbal deafness, it seems, according to the very 

1 An loibafty to write tlie mune of object* lecn bu eren been recorded 
M »n l»oUteid daordei *m1ocoo» to nn InabJlUy to proaounc* the of 
ob)ecti thm pcrodTed (jf S d i rnin ot, R At di iJtd, H April i8 

1901). 
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rare records available on this point, the disturbance of 
communication may be reduced by the use of writing, 
and speech would appear not to be affected at all. 

'When the disturbance is more extensive, this seems 
no longer to hold good. Though there is nothing in 
the fact to justify Dejerine’s distinction between injuries 
of comprehension or of expression with loss of internal 
language and those without such loss — the distinction 
only holds bet\\een entirely isolated disturbances of a 
single function, and more or less extended disturbances 
in a complex whole — are there any intellectual disturb- 
ances in aphasias of the ordinary type which for Pierre 
Mane would be the true aphasias even without aphemia? 
Do we find any evidence that what is impaired is a 
higher function of the comprehension of language? 

Evidently cases exist in which comprehension and 
expression are deeply affected, though the mechanisms 
of sensory reception or motor expression are not touched 
These are cases of insanity, and here we find reactions 
with no relation to what is said to the patient, incoherent 
talk, and incomprehensible jargonophasia 

But aphasia is not insanity, a point on which Pierre 
Mane and his pupil Moutier strongly insist Though 
they admit the existence of general intellectual dis- 
orders among aphasic patients — disorders of attention, 
memory, will etc — they recognize that it is the in- 
tellectual function of language which is solely or at least 
principally affected 

With regard to general disorders — in cases of arterio- 
sclerosis with cerebral thrombosis or haemorrhage, or in 
cases of traumata and cerebral lesions — there is no cause 
for surprise. There is of necessity a general disturb- 
ance of cerebral functioning in these organic cases , of 
this there can be no question 

With regard to verbal intelligence, where compre- 
hension of language is impaired, we may say that the 
intelligence is disordered if the function of ‘compre- 
hension ’ IS affected as such but if the behaviour shows 
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correct adaptation to circumstances, to new conditions, 
•when these, the object of sensory knowledge, require 
the evocation of sentiments, attitudes, and acts, without 
necessarily Involving verbal signs, we are concerned 
only with a disorder of comprehension which is purely 
verbal Indeed, there arc man> facts which establish 
the persistence of intelligent behaviour among aphosic 
patients- 

We can call verbal comprehension ‘intelligence', 
this is a matter of definition U is useless to argue 
here about terminological conventions But, in reality, 
setting aside the word ‘intelligence, we are faced b} 
the assertion that language is a single function disturbed 
in a single way Now facts have shown that language 
involves various functions, the primitive functions of 
auditory comprehension and oral expression, and the 
functions, acquired later and not universal, of com 
prehension of the graphic signs of wniing And in 
each of these functions v.e see that the loss or return 
operates according to the general law stated by Ribot 
the new is more vulnerable than the old, and the complex 
than the simple-' 

A slight disorder of reading will be shown in a failure 
to understand phrases whose sense is governed b) the 
position of the words or by a conjugation of the verb 
a deeper disturbance will efface the comprehension of 
words which are funusual and abstract , the patient’s 
name will remain understood the longest- Sometimes 
the recognition of letters will be effaced before that of 
the last words and sometimes it will persist longest, 

* Thl» b a bet wh(di bu often been remaUccr] »nd we bare come tcrou 
*eTtT»l cxuaplei of jt Tbe fact of coi u prefaeodme only « few vordj In a 
phrw and goearing wrongly lenlu from a rertal deWt and not from a 
genermlittd ImeUectnal weakening a* Hciui Dnfcmj conect]/ oboerret 

Tbe»e padcmi * bo mjj, are exactly In ibe podtioo of a Donml Indjridnil 
to whom a text U read In tbe fcdlowli^ way W« oc tbe other hrod, 
md common all categotlex Oat, etc. Tbe miaring wonlj 
male* tbe text Incomfwehcniible- and than b no m- n - ^ i ji y to appeal to an 
fauallectml deficit (r/ HimipWgfc cirfbrale gaacbe atec aphado,” Jf/rw 
ntnrtUgifvt, 1910, II, pp. 657 660) 
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which may be connected with the methods used in the 
learning of reading or the degree of intelligence or 
automatism in reading But this whole hierarchy of 
disorders in reading may coincide with a perfect 
comprehension of the subtleties of spoken language 
If there were only one way of understanding language, 
such a dissociation would be impossible, but its 
existence seems undeniable 

In the same way, the return of speech may occur 
through the use of infinitives and substantives, in a 
telegraphic style or in pidgin English, while there 
will be normal comprehension of phrases read or under- 
stood in their grammatical complexity 

It IS none the less true that the usual cases of aphasia, 
especially clear when they are not complicated with 
aphemia, or with a disorder of verbal expression, 
Pierre Marie’s true aphasias or Wernicke’s aphasias, 
involve a deep disturbance of the verbal function as 
a whole, comprehension and thought Speech, correct 
from the point of view of elocution, is an incompre- 
hensible rigmarole, to such a degree that patients may 
be treated as insane and confined — which would not 
occur if they were aphemic Any thought requiring 
the use of signs and symbols is impossible. 

There is a disturbance of internal language in sensory 
aphasias, says Dejenne, through loss of images , there 
is an intellectual disorder, an injury to verbal thought, 
independently of any image, says Pierre Mane. This 
is a question of interpretation, a problem of the 
mechanisms employed, and a matter which we shall 
have to examine. 



CiuMrit II 


Tiir ^s^ Clio - Pin sioi ogicai mpciian 

ISMS OF LANGUAGI AND VLRUAI 
THOUGHT 

\Vr arc confronted b\ l^^o kinds of function^ (hose 
of motor expression and those of sensor) comprehen 
sjon, and we must consider how we ou^hl locnM**aRc 
the mechanism of these functions, whicli has been 
the object of such liscl\ contro\rrs\ and of sudi 
profound disaprccmcnl We shall thus have to lest 
the \aluc of the idea of \crbal imapcs, rejected b) 
Pierre Mane motor Imajjes, and auditor) or \i5ual 
ima;;es, and to discos cr whether it Is not ncccssar) lo 
RISC these expressions a sense difTercnl from the usual 
one— supposing the) base o sense— or to substitute for 
them more comprclienshe ideas. 1 »na!l> we shall sec 
how the conneaion between tlioupht and languapc ma) 
be conceived how we should envisnpc the naturv ot 
interna! lanRuaRc and its role in mental functioning 
os a whole, and how aphasia of the current l)pc, that 
of WcmicUc, in its sensory and intellectual scltlnp, can 
be Interpreted 

I The Confusten ttxvch cd tn the I fetor Intone, and the 
Idea ef Meier Co^erdtitalton Centres 

The Afranas 

Broca regarded aphemla ns the consequence of a 
lesion of the convolution of Ianguap;c, where he located 
this faculty Wcmickc introduced the idea of localized 
verbal motor images m the posterior part of the third 

i«i 
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left frontal. With Charcot and Ballet this idea became 
classic, aphemia being defined as the impossibility of 
evoking the motor images of articulation 

What then do these authors mean by a motor image? 
An auditory or visual image is a mnemonic representa- 
tion of impressions of sound or light which constitute 
perception ; the auditory and visual images of the words 
are localized in autonomous centres which are connected 
with the external world only by a single line in a centri- 
petal direction . these are only centres of impression. 
But Broca’s convolution and the foot of the second 
frontal, which are the centres of speech and writing, 
are motor centres, centres of expression, connected with 
the external world by a centrifugal line, and they are 
also centres of impression in part and hence connected 
with the external world by a second, centripetal line 
In Charcot’s diagram, the centre of articulate language 
IS connected by this double line with the mouth which 
pronounces the word (see fig. i6, p 151) 

The seat of the images of articulation thus appears 
under a double aspect, motor and sensory, without any 
indication, as for hearing and sight, of an intermediate 
receptive stage between the periphery and the verbal 
centre (the common visual centre anterior to the visual 
centre of words, and the common auditory centre pre- 
ceding the auditory centre of words) 

We have here a singularly confused conception and 
the confusion has never been properly cleared up 
‘ Motor images ’ of words are freely rejected or assumed, 
although the term conceals two different meanings, 
the motor and the sensory Dejenne, who distinguishes 
aphemias according as they are accompanied or not by 
the loss of motor images of articulation, which, with 
the auditory images (in the first instance) and the visual 
images (of decidedly secondary importance) constitute 
the idea of the word used in internal language, does not 
specify the nature of these images, which he localizes 
in Broca’s centre He declares that when we think 
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vrith our nuUjion imtgcs, * il the •uimc time n^i ^^c Iicir 
the ^^orU^ rc-soundinp clcirl) in our inner cnnsclou•inc^^ 
we ire more or Ics*; conscious of the mo\ cmcnLs ncecssir) 
for pronouncinp them the auditory imiRc nwakcninp 
the correspondinR motor imij;c UnivcruiiuinR like 
I pRcr, hts own t\i>c of Inner speech he rtfuves to 
admit that one or other mi\ prctlominaie is "is 
implied and he asserts tint v.e ill ilnnk In the same 
wi) ” Tliink an)ihinp conerrir he adds and 
immediately "c hrir the w-ords rrsnund in our ears it 
the same lime is v.c hi\c the idn of the ncccssar) 
mo\cmcnis for pronouncinp them * 

This Mcw is cnlifcl) rejected bj Pierre ^l^r^c whose 
pupil Mouticr expresses himself tlms The imipe 
then, is a succession of movements that we imipine, 
that vfc feel prepared to rcilirr ind do rcalire It ts the 
knowledpc of the movement required to utter this word 
the outline of tins morcmmi and this movement iLscIf 
In mill), we liavc no presentiment of the movements 
nccessar) (or the articulation of a word Un us ask 
ourselves ire we con*^ous of the position it ts 
absoluicl} necessar) to pivc to the ploilis the lonpue 
the clteelu and the lips to pronounce a pi\en word? 
Do we know how to et/i this position? Have we even 
ihevapucst and remotest idea of what the mcclnnism 
of this verbal and vocal cliboraiion is? No ’ And 
in the same wa) rroment and Monod declare that 
introspection docs not in nn) wa> reveal the existence 
of vcrbo-moior images; according to them we cannot 
Imagine the movements that we arc going to effect, 
there arc only unconscious motor habits ■ 

Tills general dental on the part of Moulier, and of 
Troment and Monod, rcallj involves two distinct 
affirmations i, there are no images of verbal arlicula 

‘ d/i in f***Tfus pj». II5 116, 

' L mfkuia di Dm* p. 343. 

• J trcnwBt »wl O MobocJ Do Uncact cb« Hktobw noimit 

elebaUphuViK ^rtitva d / 1913 No. 46 pp. i sa 
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tion ; 2, language operates without the intervention 
of images of articulation With regard to the first 
point, the negation based on personal introspection 
is obviously without value Numerous objective data, 
the result of many experiments in controlled intro- 
spection,^ justify the conclusion that in general there 
are kintcsthetic representations as there are auditory or 
visual ones, and that there arc in particular kinajsthetic 
representation for the movements of \erbal articulation. 

It has been supposed that only kinmsthctic sensations 
exist, not mnemonic evocations of these sensations, that 
IS to say, representations or images thus to imagine a 
movement would be to accomplish it, or at least to 
outline It, and, in fact, when we imagine a movement, 
it is rare for the muscles involved in this mo\ement 
to remain in repose. But, on the one hand, there is 
a discrepancy between the extent of an imagined move- 
ment, which may be extremely variable, and the real 
movement, if there is a movement , on the other liand, 
the illusion of those who have had limbs amputated 
clearly shows the possibility of motor representations 
without movement 

Now kinaesthetic representations of articulation be- 
have exactly like all other kinaesthetic representa- 
tions , they may become hallucinatory in the dream 
and m certain forms of delirium, and generally we 
are able to imagine the articulation of one phoneme 
while actually pronouncing a totally different one “ 
But the capacity for kinaesthetic representation varies 


1 Clapar^de, m defending the reality of motor images and icrbo-motor 
images, very justly recalls the researches of Segal, G E Mllller, and Koffka 
among others (Ed Clapar^de, “ Existe-t-il des images aerbo-motnees? ”, 
Archives de Psychologie, 1913, No 49, pp 93-103) We may also refer to 
the results of G Saint-Paul’s fruitful enqmnes, Le langage intineur et les 
paraphastes. Pans, 1904 

® Thus I myself have fairly strong representations of articulation, and am 
able to imagine that I am pronouncing any word whatever, for example 
‘ Constantinople,’ with very sharp local sensations, differently located ac- 
cording to the phoneme, avhile I repeat aloud very qmckly and without 
stopping, a syllable bke pa pa-pa or ti-ti-ti or bro-bro-bro, etc 
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prciU) wiih the individual, in ‘;pilr of ihc convenient 
nfiirimtion of the idrnlit) of individuals which is 
cusiomar) vtilh most clinicians— whose psjcholopical 
nnM) ses •vre usvuUs barren cnouph * 

To (lcn> motor tjpcsof internal hnpuape and even 
auditory -motor t)pc.s which arc the most common, 
while dcn)inp k»n*csthctic rcpTesenuvtions is trail) to 
treat well established data* a little loo cavahcrl) 

But the assertion that speech is not (vn ftttrnfi b) 
kina: 5 lhrtic images Is on a ver) dilTcrent plane 

There 15 an appearance of contradiction in Dojenne 
in that his sub-comcal motor aphasia w-as an aphcmia 
with pre^rvation of the motor images Thus these 
images would not be sufficient 10 sreure aniciilaiinn 
What would Ik; missing? Their conniarlion wriih llic 
motor centres But with what motor c»*nircs? 

In an) case, If the presence of these images were 
not sufficient their absence would /nr/' involve 
aphcmia these images vrould b'' ahsolutrl) nreessarj 

TTiis is assumed b> Bernard l^ni) who justly 
cnlicircs the arguments b) whidt Dcjcrlnc establishes 
the persistence of kinaislheiic images in certain apltc 
mias* And he cues from Saint Pauls interesting 
work* the observations of Choubher, who when he 

* h li. In tici, inmiV*Uf ihai ertn pt'/rv l (r>77»nBftvu ct Dej'nirr t 

1 Ve Mocilrr %rtH Um on iln% pn»n\. label p»Urtii i So eg 

from »p'\uU lit atwi tt« tietorr 

pKboInrSnt I «,c tCT» ton mraviUy ( « \tt 

aflijj M» to l< Tniitfat \ Gutljr clloical mcUioi] i« lui fitU « iih an arffoilau 
Ifoo ofWmt for praftkal oteJu 

* MootW Ticmimt ao4 MonM looV lot an intelkttoal iffi«fnuilon rj 
Uw toomriftiu of lb* Tailoo, matcln Inrol eJ »Ki«h il cy at utac can 1< 
dbcoTctfd Ijj Klctief aod they do not find iL SlmtUtly »c do not 
knov «bco Imagtateg a rnorcmcoi of ibt fnerr of of ihc arm, ahat moKUt 
axe coneemed. The difFereoce h lhai \e can Imigioc onr fix^er thtnOy 
tol n«x oox memth ot w liijmi «cepl peibap* h i1« cate of ettuln 
fprtUfig deif-mwen (If the a^ipaicnt ptradoi can 1.# eioned) The Vln 
anthetle acoiatkm-^ ibe repreteoutlon whkh it only iit awakenlnc— It a 
tp-dfie linpm Um, rwrt dlrecliy lale11ect«alUab1e and locailml only lotgUy 
in ibe region of Uie rocal organi. 

* L4 loMpt^ TarU, 1905 pp. 130-141 

* Geotgei Saint r*aal En^tt tmr It intiritit rarli ilfji p 74. 
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first spoke in public, learned by heart the first part 
of his speech ‘‘While I was speaking,” he says, 
“it seemed to me that at the moment when my tongue 
was articulating the phrase I was speaking, I was 
internally speaking the following phrase, so that, at 
times, I was afraid of mixing the words of the second 
phrase with those of the first ” 

Moreover, the personal observation recorded by 
Ballet, also cited by Bernard-Leroy, would prove the 
necessary connection between kinassthetic representa- 
tion and verbal articulation He provoked, by ex- 
cessive smoking, actual transitory attacks of aphasia, 
and noted that, when he tried to name objects he could 
not, though evoking his auditory and visual images, 
pronounce a word such as ‘ parapluie ’ • “ I endeavoured 
to co-ordinate the syllables which constituted it,” he 
says, “and while I was articulating very clearly 
‘parapet’ and ‘obelisque,’ my tongue made a fruitless 
appeal to my motor memory ” ; then suddenly while 
he was fixing his attention on the visual image, the 
word “burst forth, so to speak, and gushed out”, 
the motor image was revived by the visual image ^ 

But as a matter of fact, was not the word which 
“burst forth” pronounced by ‘motor habit,’ according 
to the expression of Froment and Monod , suddenly 
released, without any preliminary awakening of the 
kinassthetic representation ? 

Normally, to have kinassthetic representation and to 
be capable of effecting the movement are equivalent , 
the two terms are so closely linked together that they 
must both be absent or both be realized at the same 
time. 

But do these ordinary links constitute a necessary 
connection? It does not seem so When searching 
for a word which we cannot remember, we clearly find 
it because, automatically, we succeed in pronouncing 
^ Gilbert Billet, Le langat^e ivt 6 rtetir et les formes de Paphasie, Pans, 1SS6, 

pp 141-142 
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It, either by fumbling, or from its context in a phrase or 
a conversation 

And in this context the remarks of the apbasic 
doctor Saloz, aft6r his cure, are \cr> instrucu\c “I 
often felt,* he said, “that I had tlie s> liable or the 
word in my power, but owing to an unfortunate 
obstacle the psychological tracts were suddenly com 
pressed deranged, obliterated blocked or perhaps 
inhibited A different word might come instead of 
the word sought. “1 am nc\cr able, he added, 'to 
tell beforehand whether 1 can express myself or not. 
It IS a \cry cunous feeling ‘ 

Thus the word may or may not be correctly pro- 
nounced without any kin'csthctic representation allow 
ing it either to be seen in advance Or a fortton prepared. 

And further, how many verbal automatisms, Pierre 
Mane s “ formulre of language,” true reflexes, arise even 
among aphemic patients, similar m every way to motor 
automatisms or congenital reflexes which arc by no 
means neccssanly conditioned by a kinxsthetic repre- 
sentation So we may conclude that images of articu 
lation — which certainly exist as mcmoncs of sensations* 
— arc not necessary to correct articulation and it is 
very improbable tlmt they arc sufficient to ensure it, 
but to tins point we shall return later 

In wliat then docs aphemia consist I Is it a paralytic 
or an ataxic disorder? Pierre Mane and his pupils 
have never given a precise account of the nature of 
this motor disorder Eliminating images — and thereby 
they think, memones — they leave undetermined the 
exact mechanism of the disturbance, which they re- 
gard as a simple hindrance in the co-ordination of 
movements. 

in reality everything occurs as if there were loss of 

i<yNaT0le Mitnolmd enm<J«dntph»ilqae Artkiwit 
1918 no 65 pp. I 57 

* We ilttll comldcr lalet the qoetlkm of ihe eiistcoee of Uttotbede 
mbel Images dlulntt from cotnmon Imatgei. 
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motor memory, that is to say of the motor habit, the 
progress of verbal automatism. And this is not a 
matter of general amnesia or of a diffuse associative 
disorder. 

How, apart from the incito-motor area, which is not 
Itself affected, can there be injury to the acquired 
mechanisms which allow the correct realization of com- 
plex co-ordinated movements? To solve this problem 
it is necessary to refer to an important idea on which 
we have already insisted, that of the formation of co- 
m dinaiion cmti es for complex motor reactions 

Consider the decapitated frog which wipes with its 
foot a spot on its skin on which a drop of acid has been 
placed, or a spinal dog (with its spinal cord severed in 
a high region) which scratches itself when a cutaneous 
area is slightly stimulated In these cases, there is a 
reflex centre which, owing to the action of certain 
sensory excitations, releases a complex co-ordinated 
reaction, provoking, in the order desired and with 
suitable intensities, the operation of the motor cells 
corresponding to the muscles involved in the action. 
This operation is prepared , it is controlled by an 
element which constitutes a centre not, properly speak- 
ing, motor, but co-ordinative 

Let us recall again the fine example of a co-ordination 
centre which is furnished by the movements of the eyes 
and the head In order to look to the right or the left, 
the eyes and the head must make movements of a 
definite amplitude, with a strict co-ordination of the 
muscles of both sides Now looking or turning the 
head to the right may become impossible in certain 
lesions which affect the oculogyric centres or the right 
cephalogync centres, the ‘ oculodextrogyric ’ centre for 
example, which is situated in the mesencephalon, with- 
out any paralysis of the ocular muscles 

The centre will be put into operation, either by 
retinal impressions (which at the same time can direct 
the co-ordinated movement of convergence), or by 


1 
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labyrinthine impressions, or by auditorj impressions, 
or again by mnemonic evocation of visual representa 
tions, or finally by an impulse of associative ongin, by 
volition In each of these cases, the incitation ^hich 
has come by very different tracts will be interpreted by 
a certain complex reaction released by means of the 
co-ordination centre which, in communication with the 
various receptive and central stations will respond by 
the prepared reaction which it controls, namely, looking 
to the nght or left. 

We may note the similarity between the complex 
movement of looking to one side or the other, which 
can be abolished by a lesion that affects only this action 
in Its complexity, without paralysis, and without im 
pairment of the elementary movements of which it is 
composed, and the enunciation of a word, which requires 
the operation of a bucco-loryngeal group under the 
influence of various excitations either receptive (reading 
or repetition) or assoaative, and which may be abolished 
without paralysis of the elementary movements neces 
sary — and sufficient— -for such enunciation 

Differences exist, however, not only in the number, 
which is very unequal, of the co-ordinated movements 
of the process of looking and of articulated language, 
but more especially m the feet that the centres by 
means of which we look to the right and left, or up 
and down, are the pre-establisbed mesencephalic centres 
that U to say the congenital centres, which are put into 
operation by a reflex tract, even without the cerebral 
cortex functioning at all, while the centres of speech 
are formed by education during the lifetime of the 
individual— though with a certain hereditary predis- 
position — and are located in the cortex* 

* Pierre Marie lnritt»-«acUne agdiat Dejenn^t 00 lH» ida of 

Oie progrwiTe feraatkm of cortical adtpurion*. Very yoone ehUdren, 
a&cted with riett 'bemlplesia, lean, to talk wltboot diffietJOea In 

»pUe of a ledem of the left hnaifi*ere ( daio Je cerrcaa tomain 

de* centre* ttm^* on prtformi* ^ langagt Prttu Mi^aU M y i ijai, 
pp, 177 igij. Tbc ttndy of damb ehfldren who can bear rich ai that de- 
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The incito-motor centres are themselves co-ordinative. 
But, when a more complex act requiring a succession 
of relatively simple acts is repeated very frequently, 
and becomes automatic, a relay centre is formed, a co- 
ordinative element, capable of releasing it, by bringing 
into operation, in the desired order and with the requisite 
intensity, the various incito- motor elements which 
control the actions composing the group which makes 
up the whole automatic activity This is so especially 
when numerous analogous actions are possible and 
may be controlled by very different tracts We must, 
indeed, assume this, when we see apraxias abolish- 
ing complex habitual automatic acts, and effacing the 
results of learning, and of progress in skill and rapidity 
of execution acquired by countless repetitions , and this 
without paralysis and without impairing the elementary 
mechanisms An apraxic patient can no longer aim 
at anything, make the sign of the cross, blow his nose, 
or handle his knife and fork, though all the while he 
recognizes objects and without anassthesia, paralysis 
or ataxia , he will behave like a young child who has 
not yet automatized these mechanisms There is for- 
getfulness in this case, but it is due to a localized 
lesion ^ 

The fact is that this lesion damages the co-ordinative 
elements — collected in a sort of station analogous to a 
telephone exchange — which have been specialized by 
education in the function of bringing into immediate 


scnbed by Andrd Collin, argues, however, in favour of an hereditary cortical 
predisposition which would be affected in certain congenital malformations 
^ There may also be apraxia durmg great amnesias due to a general 
disturbance of cerebral functioning, or to demential weakenmg But the 
automatisms of the acts are very resistant , in the great amnesias of certain 
patients suffenng from concussion, due to general injury of the brain, it is 
only in a short initial phase that we can establish the fact of total apraxias 
(inability to use a fork or a spoon, to dress oneself, let doivn one’s trousers, 
etc ) and the recovery always occurs spontaneously, though in many cases 
no intellectual memory returns for several years [cf Mairet and Pi6ron, “ Les 
troubles de mdmoire d’origme commotionnelle," Journal de Psychologic, 

XII, 4, 1917, pp 300-328) 
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operation, as a whole, a group of elementary actions, 
and the advantage of the education is thus destroyed 
When only some one group of coordinating elements 
IS affected, some one automatic activity is completely 
or partially abolished , and these automatic activities 
that can disappear separately, and have distinct co- 
ordination centres, include the Instrumental execution 
of the pianist or the violinist, or even of skilled typing, 
writing and more specially speech ' 

Among the apraxias, agraphia and aphetnia come first. 
The co-ordination centres of writing and especially of 
speech arc of very great importance, on the one hand, 
and their disorders cannot be overlooked, and, on the 
other, the multiplicity of independent complex acts, of 
written and spoken signs, that they produce, implies 
a development and a very considerable extension of 
these centres, which are thenceforward more vulnerable 
In cerebral lesions and furthermore, this multiplicity, 
as a consequence of the resultant competition, prevents 
— except for a few verbal acts — any deep automatiza- 
tion, and functional disturbances directly affect the most 
susceptible mechanisms, precisel) because of their sus 
cepbbility Education In language consists in the 
construedon of a sort of keyboard, the keys of which 
must be put Into action for the phonemes and phonetic 
groups which constitute words to be automatically 
articulated, without fumbling or groping, each key 
having Its connections established with the inato-motor 
elements of articulation * Injury to these keys, or the 

' Tbe ipaiio iboUdi aDmpl«* n»T«D€nU beloncmc to i.Titoni*tic ictiTitie* : 
•hople moremcoU presmed wbei then tro ao panljtic (Uaonl«n. Tbm 
may alao be morementt mora deqily aobxnatiied whose eo-onluiaUoo has 
dewhdess become sub-cortical, moTanent* which are repeated in extreme 
fatMnlty or In ertreme pain when cortical fauctlcmlog Is almost absent There 
are no amlmias (soppretrioo of the roortmenU of mimloy) in apraiks doe 
to loloci of tbe cortex, because mimetic antomatlsm b connected with the 
thalamm 

■ We know that the tadto-ootot elemeBb of phonatJoo tal of artlenlaticii 
are donble, each Eemlspbere being related to the motor neurooet of the 
bolbaj nodel of both ikies. Abo tbe disorders of pusJyiii of the wfll, of 

U 
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putting out of use of the keyboard, causes us to lose 
the whole result of learning to speak, without the motor 
element being affected 

In this case it is indeed a form of memory uhich is 
affected ; not, however, the memory of the kinmsthctic 
impressions, of articulation,^ but the mnemonic constitu- 
tion of the associative incitor-motor mechanisms, a con- 
stitution which, in the course of evolution, as the 
physiology of the nervous system shous, implies the 
intervention of the co-ordination centres by a process 
which we need not be astonished to see produced during 
the development of the indivdual. 

2. The Pltemtc Oo-o) dination Ccfiftc 

Just as the ocular co-ordination centres may be put 
into action by different tracts, of a labyrinthine origin 
(rotation of the body), auditor}^ (lateral sounds), visual 
(light suddenly appearing in the periphery of the field), 
volitional (for the explanation of the field), or imagina- 
tive (evocation of a lateral image), so the centre of phemic 
co-ordination, or rather one of the relay stations of 
this complex centre, can be put into action by audi- 
tory (repetition) or visual (reading aloud) impressions, 
by tendencies, feelings and sensory images (spontaneous 
expression, emotional reaction, naming of objects, etc.) 

phonation and articulation — true anarthria or accentuated d}sarthna — appear 
only in double hemiplegias wth lesions extending to the loner part of the 
ascending frontal or to the bundles which proceed from it (the clinical type 
of the paralysis known as ‘pseudo-bulbar’ because it has long been confused 
with the labio-glosso laryngeal paralysis due to the lesion of the motor nuclei 
of the bulb on the area of the last pairs of cranial neri’es) 

^ This IS a physiological conception (S E\ner’s ‘ Senso-mobilitat ’) which 
has been regarded by many able writers ns a necessity , e% en for the simple 
incifo-motor function of the cortex — ^which is already’ co-ordinative, as we 
have seen — in kincesthetic memory It owed its ongin to a confusion of the 
sensory centres and the incito-motor centres of the cortex, yet these centres, 
although closely connected, are absolutely independent and distinct in function 
Surely kimesthetic images will not for ever be invoked to explain reflex 
movements of looking at objects and their loss will not always account for 
the pecuhar apraxia which consists in the suppression of the power of look- 
ing to the right or left through a mesencephahe lesion 1 



THE MECHANISMS OF LANGUAGE 179 

and c\cn by the mnemonic evocation of corresponding 
auditory, V isual, or kimisthctic impressions orfinallj by 
the phenomena of associative irradiation that are referred 
to as ideas,* 

To sum up audition of a word, or auditor) memory 
vnslon of a word, or visual memory mcmor) of the 
articulation of a word perception, b) one sensor) tract 
or by several, of an object of which the word is the 
symtol , assoaativc expression of feelings or of ideas 
— these arc the essential means utilized in the activation 
of the phemic centre. One or other of the calegoncs 
usually employed ma) predominate In the case of an 
imbecile, repetition without comprehension, psittacism, 
ma) prevail , the rdlc of visual impressions is null or 
nearl) so among the illiterate the deaf from birth who 
have learned to speak have no auditory impressions to 
intenene. But, normally It is feelings and ideas that 
appear in action, in the form of language 

Let us suppose that localized lesions succeed in in 
terruptlng one of the tracts which give access to the 
phemic centre Just as the suppression of the connee 
tlon between the vestibular or cochlear nuclei and the 
centre for direction of vision Involve the suppression 
of reflexes of labyrinthine or auditory ongin, so the 
interruption of the association paths — included in the 
arcuate bundle — which connect the auditory area and 
the centre of phemic co-ordination, will prevent the 
repetition It will prevent it completely in the case of 
unknown phonemes, of words in a foreign language 
which has not been learned , it should not prevent it in 

* Local lirtUtloQ alio set In opcnuloo pbemlc impeltes, besides 
h a flnrf oa to fy represenUlkmi or certain eooroUiTe moretneats, in Jacksonian 
epOepay I hare bad freqnwt occasion to ohserro sUcbl aliacki of ejikpUe 
Tcrttgo b tbe case of a man who foddenij cheeked himself b the middle o 
an act, pew pale. Unshed and repeated lererml times b a fit of complete 
abaent mbdcdneai j Shot op? VVtO shot op thei,” of comse wllhont 
^woertteg any memory of these Tesbai tonTolsiofiv In eehoUlti— the pro- 
Iccged and brohnrtary repetiUen of words or phimscs— a spasmodic form of 
speech occurs (Trinel and Crlooo) which oftor accompanies spasmodic laoghtec 
or speech. 
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the case of known and understood words, for the evoca- 
tion of a visual representation or of intellectual associa- 
tions will allow indirect action on the phcmic centre 
and ensure the enunciation of the word whose direct 
repetition is impossible. 

For this to occur, the other mechanisms of evocation 
must not have been affected, spontaneous speech must 
be correct, writing to dictation, reading and compre- 
hension must be unimpaired 

Sometimes, however, all the conditions arc obviously 
present and yet the repetition of a word, spontaneously 
pronounced in a correct fashion, is impossible. This 
IS a curious phenomenon which 1 noted in one of my 
aphasic war patients. 

It IS explained by the fact that, in such a case, with 
functional disorders (continuous amnesia or aprosexia), 
the compulsory repetition distracts the attention, and 
demands an effort — though a vain one — preventing the 
associative evocation which would ensure comprehension ^ 
When attention is brought to bear on the phoneme, 
and IS not allowed to wander to the associative auto- 
matism which is characteristic of recognition, it is 
remarkable that the word seems strange like a word 
from an unknown language If I hear as a sound the 
phonemes ban — w — they do not seem to have any 
relationship to the word bannc7 , which I understand 
almost without hearing it, without, that is to say, 
noticing Its auditory characteristics. My patient, who 
was capable of naming an object and yet unable to 
repeat the name of the object when asked to do so, was 
the victim of a deviation of attention of this sort, which, 
as a result of his functional injury, completely debarred 
the mechanism of evocation by association paths 
These circumstances are rarely found in conjunction, 
and we have scarcely any examples of verbal deafness 

^ There is a similar mechanism which may explain optical or tactile aphasia, 
when the perception of an object — with recognition — no longer ev okes the 
corresponding word 
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preventing’ repetition but not comprehension It is 
generally the re\erse which occurs, but we shall return 
to this point. 

The phemic centre may then be isolated in relation 
to one of the centres capable of acting on it , sometimes 
spontaneous speech is impossible owing to a disturbance 
of the associative area m its relations with the phemic 
centre, and servile repetition continues 

Usually, in aphemlos whatever may bo the tract 
employed for putting the co-ordination centre into 
operation, the check Is the same, for either all the 
tracts have been interrupted before reaching the centre, 
or the centre itself has been destroyed by the lesion, or 
again the connections of the centre with the Incito- 
motor elements have been broken It is impossible to 
differentiate the type of destruction in a case of complete 
aphemia When the aphemla is partial and all the 
tracts of access give tike results, this is because the 
lesion bears on the keys of the co-ordlnative keyboard 
or on Its organs of motor transmission If the keys of 
a typewriter are broken, or out of order, or if they no 
longer act when struck, the corresponding letters "will 
be lacking in the written text. 

In incomplete aphemia, wc sometimes find para 
phemia, that is to say, in speech some words are 
pronounced in place of others. If there is no intellectual 
disorder to expVidn it, what has occurred is a deviation 
of connections An injury to the association bundles 
■which lead to the phemic centre, destroying the isolation 
of the fibres like an entanglement in the wires of a 
telephonic system, a disorder of chronaxies, a confusion 
of syptonies, will account for this more or less accentu 
ated phenomenon which, in a mild form, may proceed 
solely from a certain inattention in speech ^ 

1 Wben tbonght goe* quicker then «peteh new ideas seek expcctnoo and 
iaTolTB cocTtfpondhig words wbldi an inserted among tlrt lenns relatfag to 
the preceding ideas, camblnbg with them and dUtortlng them. Thii ]* 
especttlly Ime In writing We may or may not aotke it oonelTes. 
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A disturbance of the actual keys of the keyboard at 
the stage of realization is capable also of producing 
deviations or slips, involving paraphcinia, especially 
when the keys are highly sensitive and their operation 
IS rendered easier by automatism. Almost all aphemic 
patients when trying to talk succeed in pronouncing 
monosyllables (‘yes’ or ‘ no ’), formula; which constitute 
true verbal reflexes — oaths, for example, which have 
become the means of expressing emotion. 

The destruction of the phemic centre or the disorgan- 
ization of Its organs of motor transmission has not been 
so complete as to make it impossible for certain very 
automatic mechanisms to survive. 

Thus a worn-out typewriter sometimes succeeds in 
writing one letter — always the same one. 

When several languages are spoken, they correspond 
to distinct keyboards, and — in exceptional cases — may 
be selectively injured. Generally it is the least automatic 
which, in ordinary lesions, are the first to be impaired 
in their functioning. 

3. The Giaplnc Co-oydinaUon CenUe ' 

In spite of Dejenne’s arguments there is nothing to 
justify our discarding the idea of the formation of a 
co-ordination centre for graphic mechanisms become 
automatic, as well as for habitual and complex praxias, 
such as speech If there were an hereditary predisposi- 
tion to phemic co-ordination — and we can in fact assume 
It — this IS only realized, as Pierre Mane contends, in 
the course of individual development And though 
It is not all men who write, even speech is lacking in 
uneducated deaf-mutes We can write with a machine, 
but we should also talk with a machine if the sounds 
could be given out mechanically by tapping the keys 
corresponding to the phonemes, as we talk by signs 
to a deaf-mute or in semaphoring 

It is true that we can write with the left hand or with 
the arm and the foot, as we should draw, when we 
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cannot make use of the trained nght hand , but the 
nght hand, -when not paralysed, Is in the same case 
as the left hand when it loses the benefit of its acquired 
automatisms It can draw and even draw from memory 
if the visual representations are available — which is not 
always the case even without verbal blindness — but it 
cannot achieve automatic execution the realization in 
writing of an idea or of phonemes corresponding to 
well known words which have often been wntten 

This localized loss of motor writing memones is 
again the result of an injury, either in the structure 
Itself or in its connections, to the centre where the 
co-ordinating stations which are constituted during 
the progress of the graphic habit are juxtaposed 
Pure agraphia, which is rarer than aphemia, is 
certainly found, generally without injury of the function 
of language, during the regression of more complex 
disorders, but showing the possibility of an isolated 
disorder of these mechanisms. 

The question at Issue is not whether kinaasthetlc 
representations are abolished — they may persist, it 
seems, in certain agraphias — but whether the co- 
ordination of automatic graphic movements is still 
possible. 

Visual representations are not necessary for writing, 
since the blind learn free-hand writing although the 
relations between grapbism and vision are nonnally 
as close as those between speech and hearing 

In pseudo-agraphia due to pure verbal blindness, we 
are deahng with ill-educated individuals who have 
scarcely any knowledge of writing, have not auto- 
matized or formed a co-ordination centre for it, and 
who must draw the model imagined from the con 
sutuent letters of the words. They do this a little 
better with the more skilful hand than with the other, 
but are checked when they forget the representaUons 
which they are copying Verbal blindness does not 
prevent the automatisms fr^m operating — in spite of 
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the impossibility of re-rcacling— when cduration has 
set up a graphic co-ordiiiation centre. A very clear 
case of this has come under my observation.^ 

The keys of the co-ordinalive keyboard may also be 
selectively affected, it being impossible to write cer- 
tain words, and as a rule these may be any words.® 
Figures have a co-ordinativc keyboard near, but distinct 
from, that of words and letters As a rule agraphic 
patients write them correctly, but sometimes they cannot 
There are even distinct keys for numbers equivalent to 
numerical words, at least for certain numbers (the year 
of birth, for example ; numbers walh a symbolic signifi- 
cance, such as 1S70, etc.), so tliat these numbers are 
still correctly written when other figures or numbers 
cannot be managed. 

Sometimes numbers, although correctly understood, 
are faultily written, though the digits are correct 
and the assembling of separate signs by means of 
vision IS correct, and this without any other disorder 
of writing ® 

4. The Idea of the Scnsoiy Vcihal Image and Receptive 
Co-01 dination Cent) es 

The Agnosias 

In order to understand verbal deafness and verbal 
blindness, a loss of auditory and visual images of words 
has been invoked. But the idea of a sensory verbal 
image, though it does not imply the greater confusion 

^ In this case, an attempt at design-wnting by coppng the graphic signs 
was impossible with the left hand There may, ho^\e^er, be an imitation 
with the left hand of represented movements of the right hand, thanks to the 
recall of kinseslhetic impressions, and this imitation will occur symmetrically, 
that IS to say, mirror-wse 

2 In some cases it is impossible to \vrite certain letters, whereas in the 
words which contain them they are correctly formed the key corresponding 
to the isolated letter is affected, but there are key's for the words and certain 
of them still function 

3 Otto Sittig, “ Uber Storungen des Ziffemschreibens bei Aphasischen,” 
Zeitschrift filr PathopsycJwhgie, 1917, III, pp 298-396 Several cephalic 
patients write numbers of two digits in reverse order 
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of the motor image, has not always been accepted and 
has not even heen clearly formulated 

In his interesting work on language, Eugene Bernard 
Leroy criticizes the idea in the following words 

“The first interpretation which comes to mind is that 
the authors mean by a verbal image the memory of the 
auditory perception of a word , but two objections can 
be rais^ to this conception The first is that this 
memory is not an image , we must conceive of it as a 
complex including an Image, emotions, etc*, and having 
as a centre the auditory sensation itself It Is a system 
which tends to develop , it is a viev. of the mind as a 
whole, a realized abstraction, for this system only has 
reality in so far os it develops* The second objection 
IS that there is no ‘lost or ‘effaced memory If the 
memory of a Viord, especially, were lost, the patient 
would no longer have any perception of ihU word As 
a matter of fact, he has a crude or even a differentiated 
percepdon of it* 

“But perhaps what is meant by the expression, 
verbal images, is the images, emotions, etc*, in short, 
the states of consciousness that constitute the system 
habitually connected with the audition of the word 
This second interpretation does not render the theory 
any more acceptable If these* states of consciousness 
were destroyed or even if the links which interconnect 
them were broken and the system dissoaated, this 
system could not in any case appear In order that 
It may be evoked In a perfectly normal way, however, 
It IS enough for the word to be read instead of being 
heard, if it is a matter of verbal deafness, or heard 
instead of being read, If it is a matter of verbal blindness. 

“It 13 precisely this last consideration which leads 
us to the interpretation, purely psychological of course, 
that what is impaired and disordered is the association 
between the perception of the word, visual in one case, 
auditory in the other, and the system of images that it 
must evoke Both terms continue, but the chain which 
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united them is broken , the appearance of the first no 
longer involves the appearance of the second.”^ 

The substitution, for the loss of sensory images, of 
an associative, intellectual, injury, to explain verbal 
deafness and blindness, characterizes Pierre Marie’s 
conception, according to which aphasia — of a single 
clinical variety only — is only a lack of comprehension of 
language Moutier too adopts Bernard-Leroy's critique 
“It is the interpretation of the image and not the 
image itself that is lacking,”" he writes, but going 
further, he carries his criticism of the notion of an 
image in general to the point of complete negation. 
He cannot separate the image of the words from the 
thought. “To sum up, these thoughts, the words, 
and these abstractions, the images, from an indissoluble 
whole m which no element is distinct And after 
considering the various conceptions of the image, and 
refusing it the role of a cerebral stereotype or schema, 
and that of an td6c-fojcc^ he excludes it definitively. 
“ The image is a word we cannot define it, we can only 
find to what it corresponds ; it is a simple fa 9 ade behind 
which nothing goes on 

This view IS certainly too extreme when we dream 
that we hear someone speaking to us, that we are 
seeing him move, or when we imagine ourselves to be 
running, we have a representation involving visual, 
auditory, and kingesthetic images as well as mnemonic 
reproductions of perceptions, sometimes combined so 
as to form new aspects. The image is thus a datum of 
common sense, whose exact nature and mechanism 
alone are open to discussion 

It is not difficult, given a certain capacity for visual 
imagination, to imagine a page from a book with the 
words we have read there we can imagine the voice 
of a friend pronouncing a phrase We thus have 
visual and auditory images which are verbal images. 

1 Le Langage, pp 83-84 
8 Ibtd , p 239 


® Uaphaste de Broca, p 245 
* Ibid , p 244 
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The existence of ^e^bal images cannot be denied' 
But this does not imply that verbal deafness and blind- 
ness are due to the loss of auditory or visual images 
of words, nor that there Is a special centre forming a 
sort of storehouse for these images These hypotheses 
arc, in fact, unsatisfying, and are open to many 
criticisms and lines of attack. 

Let us look more closely at what constitutes the 
evocation of an image. 

It is childish to suppose that the brain constitutes a 
storehouse where little stereotypes are deposited, 
photographic images of events which have afiected 
the senses, and that memory serves to bring them 
eventually to light. The mnemonic awakening of a 
sensation, in which the peculiar property of the image 
resides, is the setting in operation, through an assoda 
tton path, of the receptive sensory elements which have 
been drawn into action by peripheral stimulation Let 
us assume that I provoke the visual image of a printed 
page — taking such an example because visual images 
give the very best illusion of being pictures or 
photographic pnnts — it is certain that I can /see the 
whole page distinctly in ray imagination, and with an 
intensity capable of many degrees ; I can evoke a white 
mass of rectangular form with greyish lines os though 
I had an instantaneous floating vbion of the page. If 
I wish to read, I shall successively evoke distinct Im 
pressions, very limited in extent, of words or small 
groups of words, with a representation of the movement 
of visual exploration along the lines Moreover, from 
a mass of words I should be able to imagine one word 
in isolation When I have seen this word, the different 
retinal elements receiving impressions of high or low 
luminosity bring Into play the central elements which 
correspond to them respectively, and produce simul 
taneous sensations of white and black which constitute 

* Froment w>d Uonod, who r^ect tba mote* Inttge anxlder tVat the 
re*ilt7 of uditOT/ tod Tltotl reihal lm«cei ctmot be doobted ] ite at 
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the frame or design of the word. The fully successful 
and complete evocation of this design is the activation, 
this time centrally initiated, of the same cortical re- 
ceptive elements whose topography corresponds to the 
peripheral elements of the retinal macula, with the same 
relative intensity, resulting in black and white. To 
imagine that there is a storehouse for the visual images 
of words, distinct from other visual images, is to flout 
the evidence of neurology , such a conception was 
permissible for the Epicureans, but hardly for the man 
of science to-day ’ Criticism of the idea of a verbal 
image as a distinct entity is therefore fully justified. 
Images are the mnemonic processes of the awakening 
of sensations ; there may then be images of words , but 
nothing distinguishes them in the first analysis from 
other images, in their dynamic realization 

We cannot lose the power of evoking images belong- 
ing to one sense without losing that of evoking the 
corresponding verbal images, but the facts show that 
we can lose the evocation of the verbal images alone. 
This means that the mechanisms of evoking these 
images are affected. An associative process no longer 
functions as before But we cannot say that the verbal 
images, although not evocable, are preserved, because 
the image has no existence outside the process of evoca- 
tion of the elementary sensor}’- traces , the image is the 
congeries of evocative processes which activate as a 
specific whole elements serving for every possible 
combination the order of the successive phonemes 
constitutes the auditory image of a word, the same 
phonemes in another order giving another word. 

Thus it IS not the utilization of a stereotype image 
which IS injured, but the realization of the image, an 
associative dynamism Nor may we regard the in- 
capacity to evoke verbal images as a purely intellectual 
disorder , we are really dealing with a sensory evoca- 
tion but one whose mechanism is associative and for 
that very reason intellectual 
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And if, under this dynamic aspect of a congeries of 
associations that evoke elementary sensory data, we 
imagine the verbal image, we can again say that verbal 
deafness or blindness consists in the loss of the auditory 
or visual Images of the words 

But how can this selective loss of the evocative 
dynamisms occur? In disorders bearing on the assoda 
tion paths, the images of objects would have to be 
lacking as well as the images of words the confused 
representation of the page and the grey lines as well 
as the distinct successive representation of the words 
which form the lines This Is not so 

If, therefore, a limited lesion selectively suppresses 
the power of evoking on its behalf the auditory or visual 
representations of words, we are justified in holding 
that this Ls due to the educative formation of a relay 
station, of a central co-ordmating station Just as, in 
thought, the enunciation of a word occurs by means 
of the phemic coordination centre, so the auditory or 
visual evocation of that word requires also an analysing 
and distnbuting apparatus which, under influences ans 
mg from various sources, releases the excitations— in 
smtable order, with the desired relative intensities — no 
longer of inatomotor elements corresponding to the 
actions involved In the articulation of the word but of 
receptive elements of the receptive region involved in the 
auditory, visual, and kinaesthetic realization of this word 

But unlike the motor co-ordination centres which 
function only in one direction, the sensory co-ordination 
centres which must be in evidence m this evocation of 
verbal images of an associative origin, have also an 
Inverse rile, which may even be regarded as their 
principal r61e , they evoke the manifold associations 
involved by comprehension, beginning with the images 
aroused peripherally, that is to say beginning with 
perceptions And we can readily understand that a 
co-ordination centre may be necessary for the auditory 
or visual comprehension of language When so many 
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words, whose sensory groups may be so close together, 
are endowed with such different evocative powers and 
involve such varied significations, we can imagine the 
complexity of the association paths which must directly 
connect the many receptive elements involved — in the 
visual area, for example — not only one with another, 
but with the auditory receptive elements (for the 
auditory evocation of the word seen) , and also with 
all the elements on which depend the feelings, attitudes 
and reactions implicated in this comprehension, and 
with all the receptive elements of all the sensory areas 
that ensure the evocation of the various images that 
the sense of the word may allow I ^ 

As well suppose that if all the inhabitants of Pans 
had telephones and communicated with one another, 
they would have to have separate wires connecting 
each one with all the others We should then have 
to assume that, if groups were formed, when one group 
communicated with another, simultaneously all the 
members of the first group would have to be put into 
connection with one another, and each of them with 
all the members of the other group, who would them- 
selves be inter-connected We find in nature processes 
of simplification analogous to those which man has 
contrived in like cases 

The formation of central stations intermediate between 
one sensory area and the others is evidently one of the 
characteristics of cerebral functioning Thanks to these 
relays, a word, for which a key has been secured — or 
even several keys which can be used by substitution 
on the keyboard® — when it is seen or heard, enters 

^ Sollier, in view of the multiphcity of the paths here imphed, thinks it 
impossible that one image can be individually united to all the images that it 
IS capable of evoking And he seeks a solution of the problem in a conception 
of the image as a dynamic state of an entire centre {Essai critique et th&onque 
sur t association, igoy) But the existence of co-ordinating levels clearly 
disposes of the difiBculty 

® When we speak several languages and have prepared ourselves to follow 
one of them, and it is another which is spoken, we have the feeling that it is 
necessary to ‘ turn over the page,’ to change the register, especially if the 
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into correspondence with this kc), with which the 
sensor) complex is connected From this point there 
start associative impulses in prepared tracts towards 
the co-ordinalinp phcmic or graphic centres which 
allow repetition or writing, tow'ards the other sensor) 
co-ordimtion centres, which ensure the evocation of 
the vanous images of the word, towards the groups 
whicli form Images of ob]ccts or memories of events, 
and towards the affective or motor centres — awakening 
feelings, tendencies, nttitudes, reactions, etc,, according 
to the mnemonic preparation of the asviciation paths, 
and according to the scnaibihnng influence of the 
mental oncntation, of the momcniar) environment of 
the immcdiatel) prc\ lous events, etc.* 

An injur) to the n:la)s or the communicative tracts 
of these rcla)*s waili their sensor) areas, or finall) to the 
association bundles which emanate from them, wall 
produce the disorders chancicnbtlc of sensor) aphasia, 
partial or complete, verba! deafness or verbal blindness. 
And their similantv to the aphcmias is remarkable. 

Aphemia and agraphia arc particular forms of apraxia. 
Verbal deafness or blindness — which consists in n lack 
of comprehension of the auditor) or visual images of 
words, and in an incapaat) to utihre them or interpret 
them b) speech or writing — arc particular forms of 
agnosia And in fact there arc non verbal agnosias 
w hlch arc somedmes called as) mbohas ■ Thus ps) chic 

«amc word ■ppcan wUh a dLffrrrol »lc?dfic*lUm la lb« two Idkimi. Aad hi 
ottT own Unc«gc tl*oc are bomoojrmi which b*»c dhliact pej* la difTcrcol 
rectos oT (be ke^boird. The &«tv/ of a printed took hare ooc lodlrMi 
allty r«inlrinc a »qnraJe eormpoodiog eo-ordiaaier aod the icatvi of a 
tree hart another 

' Aa a retail of experittcnul retearch on aunriallon la 1901 I wai led to 
tbow the coo»pt«Th7 of the facton coYotniog erocallon {rf La cooeeptloa 
C^ofrale de I auodaihm « let doaafotde reapWenee " Rrrw rUhtf/A/ptf 
I W pp- ^93 5 *®) And I hare often lailUcd ilaee thea on thlt etsentlil 
Idea, la oppotitloo to the ilmple aehema of linear aitodallre connectioo 
for rStvlm/im dt /a 191O, p. 

• The (piabollc ebancter of ot^ecta, aad ihe perceptaal UgnlScaoee which 
tHi hiTo* et fa la l«t abolUbed. The term aiymtolfa fa cetwraHy coofioed 
to agootfa of tlgni. Bot all ot^ecta, from a certain pedal of tlew are algaa. 
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blindness is characterized by failure to recognize objects 
perceived In verbal blindness, the words are not 
understood, but graphic characters as such are , in 
psychic blindness, writing itself is not recognized. 

When the sight of objects no longer involves the 
habitual associative evocations, there are, in the handling 
of these objects, incoherences which may remind us of 
apraxic or demential disorders 

Noises, which are attributed to well-defined causes — 
so that in verbal deafness if the terms of a language 
are not understood, the language as such is at least 
identified — lose all meaning in psychic deafness 

We also find cases of tactile agnosia, in which, 
without marked sensory disorders, objects felt no 
longer awaken either the idea of their nature and 
use or the word which designates them. And in 
the case of the blind, reading with their fingers, a 
tactile agnosia of words, a verbal anaesthesia, is con- 
ceivable 

Apraxias and agnosias correspond very closely to 
the two poles of mental life, which proceeds from the 
reception of external stimuli in the direction of reactions 
to the physical and social environment 

5. Tke Co-oT dination Centre 

It can be readily understood that disorders in the 
functioning of the relay stations, which ensure charac- 
teristic evocations of words or groups of words that 
are the object of common verbal experiences, prevent 
comprehension , repetition is generally less affected in 
incomplete injuries, but may be affected separately. 
In this case, the bundle which connects the auditory 
and phemic co-ordination centres is separately inter- 
rupted, organically or functionally. Of course, if there 
IS a diminution of associative functioning, an intellectual 
injury, comprehension may be more or less abolished 
without the co-ordination centre being necessarily im- 
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paired repetition la stUl possible, V7hvch proves its 
integnty 

In general disorders of unequal intensity the same 
law holds throughout. The most automatized and most 
usual ^expressions are the most tenacious, and can sur 
vive separately in the wreck of auditory comprehension 
the patients name Is generally recognized On the 
other hand, grammatical forms and the significance of 
syntax arc forgotten first, and the prominent words 
alone are understood 

Little used foreign languages are generally very 
fragile. 

But selective lesions may have apparently capndous 
consequences, and the comprehension of certain cate 
gones of words or of a language which is not the one 
least used, may alone be affected 

On the other hand, an extension of verbal deafness 
may occur in the form of psychic deafness, and musical 
deafness in particular sometimes accompanies it.^ 

In incomplete verbal deafness we often find con 
fusions which, when they depend on piaraphasias of 
expression, or on paraphemias, are true paraphasias 
of comprehension, or paragnosias In one of my own 
cases I got examples of a form of paragnosia constituting 
verbal paracousia the patient put his thumb in his 
mouth when asked to put his little finger in his left 
ear * The word heard no longer evokes the correspond 
Ing associations, but. If it does not damage the appro- 
priate key of the co-ordinative keyboard it may yet 

^ Th* usodttioit of word* wUh moiic la ionfii *ppe*n to be do« enoocb 
for 1 totdlj aphuic pftUest to be able to oodentflitid tad repeel t tong, aTwl 
to procioiiDCB tbe wo^ coirecUz prorided that be dngi it thooEh Itnpjtge 
U not ttudentood tod tpeedt b InpoetiblQ — t good extmple of » ftmokmtl 
dlBodtdon Imptyiog to tnttotidctl IndepeDdciice of co-ordhitting keyboerda 
((7^ L. Bfutcfat, LefoocUoamotkaleda cervetaetnloctlimkei Scitnti*y 
19a*, XVI pp. as 36). 

• In ■ TCJ7 tfoiiltr cue « peltcnt, wbose teibal detfocn wu B mw^ng 
tntrked, poinlcd to hit teeth when uked to pdnt to hi* totifuc, or to hii 
tnoiBttche Ualetd of hi* htir ({/■ A. Fick, CWw- dot S^Htrsia»A$u 
iWV 

N 
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reach the part of the keyboard where that key occurs 
and act on its neighbours, causing analogous reactions 
Sometimes one word is taken for another word which 
sounds the same and is better known , and this is only 
the exaggeration of a normal fact, the popular assimila- 
tion of the less usual with the more usual, involving 
linguistic deformations which are very often noticed. 

Verbal deafness is also accompanied by the incapacity 
to evoke, according to the sense, the auditory image of 
the corresponding words If this disorder is isolated, 
speech may remain correct • but we frequently observe 
phenomena of paraphasia, due to the absence of auditory 
control, and perhaps preparation of speech by auditory 
evocation Certainly, in such cases, the form of 
thought, more or less kinaesthetic or auditory, should 
play some part, though this, in the absence of adequate 
preliminary knowledge of the patient, may be difficult 
to establish In fact, in spite of verbal deafness, para- 
phasic patients may perceive their errors and correct 
them, making use of kinsesthetic impressions ; and 
there are paraphasic patients who, without suffering 
from verbal deafness, do not perceive them ^ 

Verbal deafness, as such, is therefore a factor which 
favours paraphasia, the mechanism of which can be due 
to distractions, phemic disorders or associative or in- 
tellectual disturbances, but it is not sufficient to produce 
it and has not the necessary connection with it 

If, however, auditory control is not absolutely in- 
dispensable for the articulation of words, ^ because of the 
part which may be played by kinsesthetic control — and 
in this connection, patients deaf from birth who have 

I 

^ In norma paraphasia errors are often not perceived and are not corrected 

“ It IS surpnsing to find Bemheim declaring — and with the approval of 
Moutier — that in verbal deafness there are certainly acoustic images smcc 
speech persists the patient can talk, “ that is to say, he can find the words 
he needs the acoustic image of these words and their significance is therefore 
not abolished ” (Bemheim, Doctrine de faphasie^ Conception nouvelle, 1907) 
If acoustic images were absolutely necessary for speech it would be futde to 
attempt to teach deaf-mutes But this is not the case 
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learned to speak furnish a conclusive example — it seems 
to be absolutely indispensable forsmging, for the giving 
out of sounds of regular tonality musical deafness 
makes singing without false notes impossible 
The graduated melody of language — which is not as 
a rule affected in verbal deafness, but is lacking in deaf 
mutes — perhaps needs an auditory control which does 
not seem to be connected with verbal auditioru There 
Is here, among Europeans, a form of mimicry, of ex 
pression of feeling But when, as in Chinese, the word 
requires for its verbal specification and for its symbolic 
value a tonal utterance of a certain kind, we may 
wonder whether pure verbal deafness would or would 
not involve disorders of speech from the point of view 
of this essentially verbal melody We lack, in this 
connection, analysed observations of aphasia among 
the Chinese, and a fcrttcn, observations of that clinical 
ranty, pure verbal deafness. 

6 . TA 4 Vtsual Co-crdxnatxon Ctntn 

The parallelism of function between the visual and 
auditory co-ordination centres is complete, at least in 
the case of a literate individual who has acquired the 
automatism of reading 

As in verbal deafness, it is comprehension which, in 
incomplete verbal blindness, is first impaired and last 
recovered , reading aloud, through action on the phemic 
centre, is less fragile ' 

It seems that there Is no dissociation between com 
prehension and the capacity of auditory evocation in 
pure verbal blindness this is because, if the auditory 
evocation worked well, it would involve tpso facto — in 
the absence of verbal deafness — comprehension 

* In (todjing pire Tcrtml b Un d of , daring re cu rcry with re-edoaitioo, I 
foond that twding alcmd— In ipSle of dlfficalUrt dne to the dlipeiilon of 
attentioci ne ceariu ted by the phemic effort— pennitted in Indirect coenprebeo 
rion, the Ti*ial rtprc»cntAtian of wordi being tmufonncd, by mana of 
speech bto en maditoty or kimenhetic repreiimtitfon, reUinlng the poirer 
of co-ordlneted eroatioo r 
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In certain cases even it is possible that comprehension 
comes about normally through the bringing into action 
of elements of the auditory co-ordination centre in con- 
nection with the visual centre. 

This IS certainly not a universal fact, since there are 
a few cases of pure verbal deafness But it may be 
suggested that the rarity of these cases results in part 
from this process of visual comprehension and perhaps 
also of phemic or graphic interpretation, by means of 
auditory representation : if the latter were made im- 
possible by an injury to its co-ordination centre, reading 
Itself could no longer occur. 

It IS probable, however, that the principal reason for 
the association of verbal blindness and verbal deafness 
lies in the proximity of the co-ordination centres, and in 
the topography of the arterial irrigation, the usual cir- 
culatory disorders affecting at the same time both 
co-ordinating areas Moreover, this association also 
involves deeper disorders, as we shall see when we 
come to consider Wernicke’s aphasia Like verbal 
deafness, which affects the least known languages 
before it bears on the mother tongue, partial alexia 
also prevents, at first, the comprehension of coinplete 
phrases, or of verbs in their grammatical form, with 
mood and tense The prominent words are recognized 
and the patient guesses and constructs a meaning out 
of these words 

The comprehension of words — and especially of the 
words most often read — outlasts the recognition of 
syllables and letters with persons who have had great 
practice in reading.^ 

The hierarchy of disorders according to the degree 
of verbal blindness is very regular . but there are also 

* C'iscsha\c c\cn been published of pure letter-blindness with preserva- 
tion of the reading of w ords, because, as G Ballet and Laignel-LavasUne have 
correcd) remarked, in the case of a cultivated indiaidual reading of the word 
has become s\nthctic— and we know that it is so from the fust m certain 
methods of reading such as that of Dccroly, and that the word is recognized 
bj Its general outline 
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jjartial and irregular in^unes due to the feet that certain 
keys only of the co-ordinative keyboard, or certain parts 
of the keyboard, are destroyed or warped There will 
be certain words which arc not read, or numbers only, 
or only a customary language Musical blindness — the 
inability to comprehend musical signs — which usually 
accompanies verbal blindness, may be distinct from it ^ 

Verbal blindness may be one aspect of a more ex- 
tended psychic blindness * In ordinary cases, symbols 
(playing cards, a flag, etc.) are recognized, and objects 
are correctly named And this fact shows the special 
ization of recognition of graphic signs, the distinct 
seat and the vulnerability of the coordination centre 
involved 

But, as we have already said, a very rare cunosity 
may occur, an optical apb^ia without verbal blindness, 
an incapacity to name objects in spite of recognition and 
correct use. We have here a fact which corresponds to 
the isolated incapacity to repeat speech heard though 
comprehension is preserved For such a disorder to 
appear, we require on the one hand the breaking of a 
single association bundle — in this case a bundle linking 
to the verbal co-ordination centres the gnosic co-ordina 
tion centre serving os a relay in the recognition of 
common objects — without lesion of the centre itself, 
for if this were affected there would be complete 
psychic blindness , and at the same lime a disorder of 
attention, impairing recognition, m the effort to get 

^ Ucre tetin tbere ftn difCeraiee* wblcb ttny be coonected u ta the ordiniij 
c«e with ihe degree of pertarhadoa ibc beuct tajidrcd bong 

the loost reibUnt t euUng tn the key of F dlafpean before icwdlng of the 
key of C end reeppwi efter It. And there ere otbert connected by dance 
with the dUtribotion of rery Ihnhed Icakiiu. 

• Thtrt Fmrc Bomllen end Jecqoet record e caeo of pore Tolal bllndnea 
In the conoe of the regTc«ioo of a complete n*a»l ejnewie i the patient, at 
the onUet, could no kingei recopme objccti or the pUce it* wu in, and 
wmi continually getting lott after a UtU« there remained only a Umlled 
aleiia, and the reading of figuict retnmed as well as the ability to tell the 
time ( Alede par rclkpiat dagoode vkoeUe, Rtv%4 NtHTthgifut 1914, 
XXXI pi) pp. 495-4W) 
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the name, so that it could not be melt recti) found by 
the play of intellectual associations ^\hl(h constitute 
recognition 

As in incomplete verbal deafm*ss, we frerjiii nlly find 
in incomplete verbal blindness, or pnragnosia, a \cri)al 
‘ paranopsia,’ or par.ilcxi.i one word is talon for 
another and understood wrongly, flem rail) the error 
IS connected wuth an .inalogy of form — a more usual 
word being substituted for the word really seen* — but 
sometimes it is connected with the fact that disorders 
of the keys of the ke) board or of the association paths 
involve confusion, so that, in the same part of the 
keyboard, neighbouring kc)s of analogous significance 
are brought into action b) the reading 

We cited above, as an example of auditory para- 
gnosia, the patient who put his thumb in his mouth 
when asked to put his little finger in his left car. This 
patient also exhibited paralexia Gi\en the written 
order “Get up and go round the table,” he would 
get up and close the draw'cr of the table 

We shall not return to these connections between 
verbal blindness and agraphia, or to the influence of 
visual images in writing , these images are not neces- 
sary, since the blind may learn to write by kinetic 
and tactile means But the control of vision, w'hich is 
important for the realization of automatisms," remains 

^ This IS another case of the exaggeration of a normal phenomenon In 
rapid reading a more usual a\ord is frcquentl) taken for a less usual ■word 
■when a sense remains possible Proof-readers and cop} ists pro\ide examples 
of this dally This common paralexia occurs in one of Mouticr’s cases 
(obs XXXIX) who when dealing wath the word main (hand), to show that 
he understood, drew fain (loaf of bread) 

2 In a case of paraljsis of the right hand, if there is no kinetic transfer to 
the left hand — which implies symmetrical mirror-writing — the writing ol the 
left hand becomes a copy of ■visual representations (and kinetic ocular repre- 
sentations), as in the case of a hemiplegic patient affected by aphcmia and 
incomplete verbal blindness, who drew with his left hand large t) pographical 
capitals, that is to say the shapes of the best known letters in free-hand he 
produced mirror-writing {(f Ch Nicolle and A Hahprd, “ L'denture en 
miroir cdcitd verbale pure et centre de I’agraphie,” Presse midteah, April 20, 
189s, PP 148-139) 
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useful in preventing paragraphia or the orthographic 
errors sometimes found in the "writing of educated 
patients affected with verbal blindness and preserving 
graphic automatism intact the impossibility of rc-read 
ing prevents corrections But the normal individual 
who does not re read is liable to make similar mistakes 


7 Tht Problem of KituxUheitc Co-crdtnation Centres 

As we have already shown, there can be no doubt 
about the existence of ktmcsthctic images corresponding 
to the articulation of words That these representations 
of movements may play a rdle in speech, but that this 
r61e is not indispensable, and m particular, that there 
IS a balance between auditory and kimcsthetic evoca 
tions, IS also an obvious Inference from certain facts 
which we have adduced 

But whether there is a verbal co-ordination centre 
which ensures a certain autonomy to kinrcsthetic images 
of language as well as to visual and auditory images, 
IS an intncate problem and one which is by no means 
solved 

Let us assume that in certain very limited lesions 
there may be suppression of verbal kimcsthetic images 
without articulatory amcsthesia , the kinacsthetic evo- 
cation of words would then be impossible through the 
association paths and the impressions felt dunng speech 
would not by themselves be sufficient for compression 
But these disturbances would not be manifest, even if 
thought were earned on solely by the aid of kinfcsthetic 
images of words , and this certainly does not often 
occur, siricc auditory images always play some part , 
It would be enough to speak one s thought In a whisper, 
and to hear it, for ail difficulty to vanish And, on 
the other hand, we do not in practice recognize words 
by the sensations of our own articulation we hear 
them 

Thus this disorder, If it occurred, might well not be 
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noticed by the patient and might remain unknown. 
And in particular, the probable proximity of the kina^s- 
thetic co-ordination centre and of the plicmic co-ordina- 
tion centre would make it very dilTicult for the former to 
be injured without the latter being affected 

In actual fact, there is no evidence of pure verba! 
kinetic anaesthesia But in llie case of Salo?', the 
aphasic doctor who recovered and left some interest- 
ing memoirs, we find that the complete absence of 
kinsesthetic representations coincided with a very in- 
complete aphemia : words were correctly pronounced 
although It was never possible to know in advance 
whether they would be, as their representative kinetic 
evocation did not occur ^ 

Moreover, from the fact of the partial association of 
aphemia and from the loss of the power of imagining the 
articulation of words," we may infer a centre of verbal 
kinsesthetic co-ordination, in close connection with the 
phemic co-ordination centre, but without the confusion 
involved in the inadmissible idea of a motor image 
found in the text-books 

Sensory impressions and representations of move- 
ment certainly have a considerable influence on motor 
execution ‘ when a child learns to use its limbs, the 
success of an act becomes associated with certain 
kinsesthetic impressions which will be used later to 
direct the repetition of that act And kinsesthetic 
evocation has a strong tendency, as a result of close 
association, to provoke motor objectivation 

^ Kinsesthetic evocation enables us to imagine a movement in advance the 
jumper imagines himself above the bar, in representing to himself the possi- 
bihty of success 

2 Cases of this would be frequent if, with Dejenne, and his pupils, we were 
to grant conclusive value to the Proust-Lichtheim test and similar tests , if in 
aphemias— regarded in that case as sub cortical — where the patient can 
indicate the number of letters or syllables of a word which he cannot pro 
nounce, we were to assume the integrity of the kinEesthetic images of 
inner speech But it is too evident that the success of these tests 
establishes only, m the case of a fairly well educated individual, the preservation 
of visual or auditory or also perhaps — ^but not certamly — kinEesthetic images 
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Rut, vrlth speech auditor) sensations also occur in 
the normal ease — kin*csihcsift alone, after the tcmporvrj 
aid of mirror Msion, goxcminp articuhtion in the 
educated deaf mute— and the success of the xcrbal act 
becomes assoCTated not on!) \xith impressions of arlicula 
lion and of phonation, but also with sound impressions 
And as we ha\c said, with reppird to singing, the 
auditor) Impression, unaided, is delicate enough to 
ensure effcciixc control So an auditlxo kinxsthciic 
group tends to be formed for motor regulation Auditor) 
representation tends to proxokc articulation and kints 
thcilc representation, just ns the latter arouses mo\ ement 
and IS irradiated in an auditor) echo of thought ' 
and finall) , spccdi gl\ es nse to kinnathclic and auditory 
impressions at the same time 

It IS, then, normal that internal speech the c\oca 
tion of words should gcncrall) occur in an auditixo- 
kimcsthetic form, often with the outline of a real 
articulation, and a marked predominance on the auditor) 
or the kimcsthciic side; articulation the outline of the 
motor objeciivatfon admitting of man) degrees.* 

The auditixo-kinTSlhctic group is gcncrall) so com- 
pact and the rcaprocal evocation is produced w iih such 
force that it Is difficult to anal) sc impressions and this 
difficult) of anal) sis appears when w c interrogate an) one 
afreclcd with verbal hallucinations he hears the voices 
which speak to him, he hears the words distinctl) , but 
these voices are localized in his throat or his (^cst.* 
There arc kinaesthctic Impressions, usuall) reinforced 

* THi etbo of thoojht** Is llw MJoU etpirtUofi trtcd by Epcw 
»bom iht sodllcTT rrpfrtenuiloti I® Inlrml lancuace w*s decidedly pre« 
«Joaiinu)t 

* It Is DOtie tl>c lets tnie thxt ccmla cntllnled pmoas can use rinat 
titacti, and can eren nse these fmacet In pteferenet lo olhm. 

* The weakness of the todhory erocalkn does not lead lo a scflloentlj 
sharp obJectlTatioQ sod as tbe alUtiidc of IIUciiIdc Is not uken localkaUon 
ocenrs where there sro confmed Imprcalom ahich attract the aUeolkm, 
Certain persons Aw tWt binet speech In tbdt chests oonaany as did 
Bonrdco, wboae aolo-obserratictn b reported by Salat Paal [Lt Z-MMga[$ 
{nUHtur p. 93). 
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by a real outline of articulation, as the apparatus of the 
phonetician can prove — with the habitual locali7ation 
of these impressions — and at the same time a faint and 
indistinct auditory echo ; or there is an auditory evoca- 
tion which involves phemic repetition and, in any case, 
kinsesthetic representation *, or again a phemic auto- 
matism will give rise to the auditivo-kinmsthetic group 
When feelings, delirious ideas and powerful beliefs are 
grafted on to these automatisms, it is very difficult for 
the questioner to obtain dissociations which permit an 
accurate estimate of the share of the various elements 
in the hallucinatory complex unless there is an extremely 
marked predominance. This difficulty is a common 
clinical observation 

To sum up, it seems that in spite of the absence, 
in pathological experiments — which are crude and of 
limited range — of any satisfactory isolation of a syn- 
drome corresponding to the injury of a single kmajs- 
thetic co-ordination centre, there is a verbal relay station 
for the impressions of articulation ; and we may speak 
— always in the dynamic sense — of autonomous verbal 
kiUcesthetic images, analogous to auditory or visual 
images, but by no means essential for speech, which 
depends on the phemic co-ordination centre ; in any 
case we shall no longer talk of pseudo ‘ motor images ’ 
combining sensibility and movement in one paradoxical 
entity.^ 

^ Whether there is a co-ordination centre for graphic kincesthetic evocation 
we have no means of deciding , us existence seems very probable , in fact, 
in cases of sensory abnormality, the blind who can write, deaf-mutes using 
hand-language, verbal kinsesthetic representations uhich are not articulatory 
acqmre such importance that the practical necessity for a special co ordination 
centre arises Helen Keller has thrown much light on the rdle of such 
representations, or dynamic agents of kinsesthetic evocation 

“When I was a child,” she says, “my inner speech u'as inner spelling 
Although I am even now frequently caught spelling to myself on my fingers, 
yet I talk to myself, too, with my lips, and it is true that when I first learned 
to speak, my mind discarded the finger-symbols and began to articulate 
However, when I try to recall i^rhat someone has said to me, I am conscious 
of a hand spellmg into mine” [The. World I Live in, pp 146-7) For Helen 
Keller a ‘ verbal touch ’ took the place of verbal audition 
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8 Verbal Thought and Wernickes Aphasia 

Though It is of primary importance for psycho-physio- 
logical analysis to throw light on disorders bearing 
solely, or with a marked predominance, on any special 
co-oidinative apparatus, this is not so in clinical treat 
ment, for most cases which present themselves arc very 
similar complexes and generally have a very clear 
pathological significance In this respect Pierre Mane s 
classification of aphasias is in complete harmony with 
current practice He distinguishes true aphasia, Wer- 
nicke s aphasia (Dejennes sensory aphasia) anarthria 
(aphemia) which he does not regard as an aphasia, and 
Brocas aphasia (or Wernickes aphasia plus anarthna) 
corresponding to Dejenne s total aphasia 

Aphasia is the common state accompanying nght 
hemiplegia in general, and consists m a lack of 
comprehension of language in all forms with no dis- 
turbance of elocution, but with paraphasia, or rather 
jargonophasia, that Is to say an incomprehensible 
verbalism 

In these cases it is the Intellectual function of language 
that IS affected, and not sensory reception or motor 
realization Though the denial of pure verba! blindness 
or verbal deafness is not justified their elimination from 
the category of aphasia, for the same reason as in the 
case of aphemU, would certainly be possible, if by 
definition we were to reserve the term ‘aphasia for 
disorders of the mtellectual function of language 

But what is this function? 

In the education of the child, a certain auditory im 
presslon acquires significance through the reallration 
of well known processes which give rise to conditioned 
reflexes the word or the phrase arouses the expectation 
of an agreeable or disagreeable event, with which it has 
frequently been associated in expenence and so it 
involves feelings and images — by evocation of the 
event m question and the circumstances which happen 



THE VERBAL FUNCTION 


204 

to surround it — and, in particular, appropriate attitudes 
and reactions. Some of these reactions arc vtrbal — 
certain vocal manifestations, spontaneous (cries), 
imitative or learned (“if you please,” “excuse me”) 
— which may have an influence on the outcome, 
favourable or preventive 

With the progress of science, associations (mnemonic 
evocation, affective impression, adoption of attitudes 
and preparation for reactions) multiply with a constantly 
increasing rapidity: as a result of the relations which 
are established between all experiences the) increase 
in geometrical progression Except for a feu ex- 
pressions whose signification becomes ponerfull} 
automatised, and which arc in constant relation vith 
particular events involving the same reaction (the . 
“Good morning, how do you do? — Quite well thank 
you and how arc you’”), the associations aroused by 
language are determined by a host of past and present 
factors (environment, pre\ious con\ ersalion, nature 
of dominant preoccupations, etc ) so that the same 
word can be understood in very different ways, can, 
that is to say, arouse quite different feelings, attitudes 
and mnemonic evocations according to the individual 
and the occasion. 

The functioning of the nervous apparatus W'hich 
ensures this direction of associations requires not only 
the integrity of the centre of sensory^ co-ordination, 
the importance of which we have showm, but that of 
the whole group of association circuits which connect 
this centre with the affective area, with the motor centres 
and motor co-ordination centres, wnth all the sensory 
areas where the concrete mnemonic evocations occur, 
and finally which connect a given element with various 
others of the same centre 

This totality of associations which are provoked and 
which may continue for a long time — each affective, 
motor or sensory evocation being a starting-point for 
new associations which enter into competition or are 
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combined — this ^^holc, which constitutes the process 
of thoughtj may be realized, cspodallj in cultivated 
individuals vrho have enjojed a well-developed verbal 
education and experience of words^ with a marked pre- 
dominance In the sphere of langpiagc the evocations 
aroused by a word may be cspcciallj verbal Images, 
w hich arouse others, and thought will then be concerned 
almost cxclusivel) with internal speech It would seem 
that in the process thought tends to lose its biological 
charactenstic of preparation for more or less diffcren 
liaied action — the rcHcx consiiluiing the Immediate 
action— and becomes a self sufiidcnt process, an end 
and no longer onl) a means * Talking to oneself, 
indeed, is regarded by Pierre Janet as the characteristic 
feature of ps)chical activity * 

In realit), language, no less than the concrete cvoca 
tions for which words are often simply substitutes, may 
constitute an antiapated representation of possible 
experiences economizing these experiences, and thus 
prepanng, from a greater distance and m more round 
about ways, the adapted reactions Nor must it be 
forgotten that In social life language itself is a form 
of action, perhaps the most important form In modern 
CTvUization, and that micmal speech is then no longer 
an indirect and symbolic representation, but rather a 
direct representation of experience the orator thinking 
of his speech, the professor thinking of his lecture, the 
wntcr thinking of his novel even the philosopher 
thinking of his theory, arc really seeing and preparing 
in advance their social action U 15 possible that this 
preparation is not followed by the act itself the complete 
realization, in speech or writing, but it 13 none the less 

‘ BcTpOD liu mulfi Um ItBpcnUot wccc i lioo that hotoui thcractit bu 
Ir«d frwn mere remciioo. Dot ibe Ubermlkc •pfXM* wpediUj in 
rcrerte and In dtearo, when ibere b exbanilloo cn rcpcie of the blfihtf 
•CTOori-tDQlar tdapouloo. 

• Cf Pime Janet, La lenrioo piycboteglqtio aes dfjrfi, tes cadlUtUnu, 
II La hWrarchia de* teadaneea," BrUiik Jntrrul </ PijKktUgj Medical 
Section, 1 , 1, 1911 p 144, 
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true that the purpose of the thought was to produce it m 
a suitable and satisfactory form. 

Internal speech, which may serve for the preparation 
of biological activity, in the struggle with the physical 
and living environment, is the essential instrument by 
which we prepare for social activity, in relation to the 
complex environment constituted by society. 

If internal speech can serve for dreams as veil as 
concrete imagination, it is during states of repose, in 
which the mental functioning is out of order, when the 
complex of tendencies which constitutes the biological 
and social personality is relaxed and no longer serves 
to direct and check with the neccssarj^ force And in 
this case thought continues to imagine experiences, but 
without any utilitarian direction, in mere play-activity, 
in spite of the finalistic view implied by the Freudian 
theory. 

Starting from words and ending in words, internal 
speech, where it is not complicated by other forms of 
thought, develops in the cerebral area next to the 
receptive co-ordination centres , for here can be found 
pegs corresponding to these words and able to ensure 
Its psychical realization, its affective evocation, through 
action on a sensory, auditory, kinccsthetic or visual 
area, with the mental habits which make this or that 
type of evocation habitually predominate ^ 

The multiplicity of the centres of sensory co-ordina- 
tion enables us to understand that the isolated injury 
of one of them may allow internal speech to per- 
sist, although the auditory centre, which is the first 
to be trained, is almost always the most troublesome 
to lose 

But it will be realized that if all the centres of 
sensory co-ordination were simuitaneously lacking, 

1 Usually a rapid evocation, outlined rather than realized The same is still 
more true for the concrete evocations A visual image that is judged to be 
satisfymg is incomplete and singularly false when we wish to realize it com- 
pletely directly it ensures smtable evocations, and so plays its part, it is, in 
fact, adequate for thought — though it would not do for draiving 
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verbal thought would be deprived of any support 
and would be impossible ' 

And c\cn without injury to these centres, or if the 
injury is further complicated by some disturbance of 
the network of \crbal associations which connects these 
centres with one another and interconnects the elements 
of each, and which forms a starting point for the patlis 
that act on the affcctixc area, or on the concrete evo- 
cations, or on the motor areas— K the lines arc tangled, 
verbal thought is thereby rendered impossible and 
speech, when it is prescr\cd (in consequence of the 
motor co-ordination centre remaining intact) becomes in- 
coherent, without direction and without control, except 
for a few automatisms directly produced bj the per 
ccption of events, and not rcqulnng roundabout ways 
of thought. 

This 18 exacil) what occurs quite frequcntl) in Wer 
nickc s aphasia, where there is injury to the as 5 oaatI\e 

* It wxf b« tilled %b«UKr la dt« abweet ef aa tboesht woaM be 

potttble} aAcr dearociion (at eumple, of tbe k&>cT 7 utai, lb« 

co*onHnfltioQ emuca htUet or at lean taSncmlr Inuct. Thia qaesUm 
be aasvard ta ibe a&nnaU>c If ibcre «tTt ta tbt wn&al slatt 
at has beeo aSnoed, hoacelra iboocht Id fact denne rapid and practical 
thoQght wUch does aot dtUj hi anlnlc pUy « hb irpmcDtatioot, it it mtaia 
that rerUop of cocoprebeodon, doobt taioilUiUj eta. whkh art cemlated 
with altltodet and reacUont proroked bjr a word or ao abstract phrase ma; 
ocenr wilboot tbe erocalioQ of BDjr one of tba bsoiBerable baizes that can 
appear during a rcallaikm of the aisociaUre hradhUoti cmi Dating Crota the 
abstract coocepL Soch Imagev la latrospectire oeperimeDU on tbe oatare of 
C««al Ideas, are oftto Vieated as rignlficaat or as U» coacepts ihetoselTea, 
whereas la Utt Ihry are only ao example aad oftea a Tcry Inferior one of 
the dynamic power of these coneepu. Bot if fetUags precede tbe ctjeoplete 
rralhalion of ibt asaoriatloas which tend to becosse irradiated they ipriog 
from a sdiemalic rcahatkai (the feeling of tbe word on the Up of the 
tongue" for exampieh The complete rcallsalioo of conertto or verbal tessory 
erocatlcns h aecetiary at lean at ccrtsia motnenU as a gnaraatee and a 
ecmtroL Tnre e0mfrtjUntmi always eonsiiU la the realiiallon of the rvoca 
live dynamic centres or at least of a certain number of them, Tbe feeling of 
comprehension at which we geoerally atop when the eroeatkm b omlloed with 
faculty b only an Indiculkio, whWi may be ctrO D c tma . It b impoariblt to 
think wHh only the feeling of ermpr^easion aaalogoiii to tbe fetUng of 
lecognltioo, wUboot dlber the teaUiadoo of an act or the awakening of a 
lonalkn. Sobjc lapport b idU neeeasary a percep t loo or ao Imi^ to 
aroose the feeUng ) feelings do xwt apring sp of tbemselm. 
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mechanism, the intellectual function of language, as 
Pierre Mane has well insisted , so that we cannot call 
this aphasia ‘sensory 

What exactly is the injury to the intelligence in an 
aphasic patient of the usual type ? 

If we mean by intelligence a certain quality of mental 
functioning, vivacity, readiness of adaptation, etc , this 
quality may be preserved in non - verbal associative 
functioning, which is all that remains in the case of 
the uneducated deaf-mute , and in such a case we may 
say, with Dejerine and Brissot,^ that the intelligence is 
not affected, and that there is no demential weakening 
But frequently also the cerebral injury involves diffuse 
manifestations and a general intellectual weakening, 
which IS not at all surprising, though it is not con- 
ditioned by the aphasia ® 

But, if we designate as intelligence, quantitatively, 
the totality of mental functioning,^ it is evident that 
the suppression of verbal thought involves a defect, 
relatively very important among cultivated individuals 
leading a complex social life the uneducated person 
from this point of view is a defective 

The non-verbal thought of the uneducated deaf-mute 

^ But when the retrocession occurs, there is often a predominance on the 
side of verbal deafness or verbal blindness The tracts coming from one 
of these centres may be severely injured, and there are tracts which remain 
more affected than others The lesion does not generally involve a definite 
and complete destruction 

2 ty M Brissot, L’aphaste dans ses rapports avec les d&mences et les 
v&sames, 19 lo 

® Forel’s auto-observation is very interesting in this connection he was 
affected by slight aphasic disorders, with a temporary incapacity to pronounce 
certain consonants, and it had become impossible for him to make calcula- 
tions, because of confusions and continual forgetting {cf Journal fitr Psych 
und Neur , 1915, XXI, p 434) 

* From the point of view of measurements and scales of intdhgcnce, in 
applied psychology, the attempt is being made, on the lines laid down by 
Binet, to furnish numerical support for a judgment of value as to the com- 
parative level of the complex mental functioning of a number of individuals, 
the resultant of independent and heterogeneous functions, a judgment analogous 
to one dealing with the beauty of a face as a simultaneous function of the nose, 
mouth, eyes, complexion, etc 
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13 , however biologically a human type of thought, 
which profits from the broad associative capacities of 
the brain of man and from an aptitude particularly 
dc\ eloped to profit by experience, in proportion as the 
deaf mute is not mentally deficient* The imitation of 
attitudes and gestures also involves a certain social 
beha\iour, though It is only elementary 

The non verbal thought of the cultivated aphasic 
patient will perhaps be biologically less nch than that 
of the deaf mute, because it ma) have atrophied In part 
under the Influence of the enormous development of 
verbal thought it will be socially more complex on 
the other hand, because, thanks to language, certain 
more subtle attitudes and reactions have been learned, 
which have become automauc or at least freed from 
language, and which will persist.^ Feelings and ten 
denaes are refined and extended, and they continue 
to govern conduct ll\ing their own life e\en when 
depnved of the \erbal root which was necessary for 
their onginal development. 

Mo^eo^er the aphosic patient in his mode of life In 
his acts and in all his behaviour may seem biologically 
and socially normal But he has nevertheless suffered 
an unquestionable loss, for he no longer has any chance 
of undergoing further modifications of social ongin, and 
of reacting in his turn as a factor in evolution and 
progress. 

He lacks even the power of using such Instru 
raents as arc furnished by the social environment 
and serve both for the stabilization and the de- 
velopment of social relations and for the economy 
of individual thought with a view to action on the 

^ TUs difToreoce also tesolm that wbm ibere ts a deatnetfra lesion 
tbo Tobal edocabifity— Uekiag the appropriate cerebral area— Is alxoost 
oil, as coetruted with wbat we find In deaf-mates. Tbe rt'edocalktQ 
ef apbasic padenU U hi realltjr ccmdIUoDcd b^ Incomplete lesions 
with rctrocesskro — not forcetlloc the poasiTJUtj of tree nhstitotions, 
wUeh art howercr, Tef7 far from barioe bea demcoatrated in such 
casea, 


O 
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physical and animate environment , namely, logic, 
science, etc ^ 

Actions and attitudes persist, governed by feelings 
and tendencies due to philosophical speculation, scienti- 
fic research, and moral judgments, cither personal or, 
more probably, derived, but the possibility of again 
taking up such speculation, research or criticism, or 
of borrowing from others, is almost altogether lost 
Concrete discoveries may still be made ; but calculation 
and especially algebra, which requires symbols, and 
abstract developments based on concepts implying 
verbal chains, all become impossible. From verbal 
education, however, there may remain certain affective 
irradiations” about concrete images and gestures, which 
have been associated with abstract words (fatherland, 
love, etc.), and which preserve the meaning and even 
the use of the concepts expressed by these words.^ 
There are, too, non-verbal concepts in the case of the 
uneducated deaf-mute, and the difference between verbal 
and non-verbal thought is one of degree of complexity 
rather than of kind , this complexity is, however, 
indispensable for the progress of collective instrumenta- 

^ Interesting analyses by Van Woerkom have shown a general incapacity 
in aphasics for grasping relations, realizing ordered syntheses, etc , all of 
them operations which are based, in the normal indi\ndual, on the use of 
verbal symbolization When confronted by groups of figures or of geo- 
metrical forms, the aphasic, even though he may percene them correctly, 
is unable to analyse or to order the elements, to grasp their succession or to 
conceive direction in space (“Sur I’dtat psychique des aphasiques,” 
L’ Enciphale, 1923, XVIII, pp 286 305) 

^ The rdle of affective irradiation in concepts appears with great clear- 
ness in the case of a bhnd deaf mute like Helen Keller, who thus gi\es 
significance to words belonging to visual language, ivithout adequate sensory 
representation, such as the “green of spnng” {cf Helen Keller, op cib, 
The World I Live xn, pp 124, 129-131) 

® The concept is, in fact, essentially a capacity for associative evoca- 
tion , it has a dynamic reality like the image, and is very close to the 
image The term ‘ schema ’ used by Revault d’Allonnes, in his interest- 
ing psychological analysis of thought (La mdcaiusme de la pens€e Les 
schemes mentaux,” Revtie phtlosophtque, 1920, 9-10, pp 161-220) is m 
danger of implying something static, as is already the case with the term 
'image’ 
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tion, the perfecting of logical and sacntific machmerj 
and of moral consaousness 

There IS, then, In the ease of the aphastc patient, an 
undeniable Intellectual dcTiclt, but ulth the possible 
presen. atlon of the aasoaatnc qualities which determine 
\i\acit) and intellectual xcrsatillt) and this dcfial, 
which affects s>mboltc thought, bears abo\e all on 
the social form of thought, without thcrebj affecting 
acquired soaal behaMour, which is goxerned b> feel 
ings and lendcnacs that arc connected x\lth a different 
cerebral area as we shall see later 

To sum up, aphasia Is due to a lesion — diffuse more ^ 
or less complete, and more or less susceptible of retro 
cession (compressixc hxmorrhages re absorbed without 
leaving definite lesions) — in the sphere of verbal 
thought.* 

In Uic aphasia known as ‘amnesic there is a diffuse 
funaional disorder, which goes bejond this sphere and 
inxoUcs not so much an injur> to the association paths 
themseU es as a deficiency of nerv ous impulse If words 
arc not found if comprehension is slow, and if cvoca 
lion does not occur readily it is because the impulse is 
insufficient to overflow the dams, to overcome the resist 
ances encountered and to affect the neurones with a 
definite hcterochronism ; In true aphasia the telephonic 
lines are mixed and tangled, and there is only caco- 
phony and chaos in amnesic aphasia, conversation 
may be rendered Impossible because from one station 
to the other nothing is heard or only certain easy 
words, separately, owing to the lack of a sufficient 
current on the line. The amnesic phenomenon alone Is 

» The c*>-ofdm»tloo cenUei najrCTeo be »Dl(»tbed In which oM we maj 
be deallnjj wlih ecboUlk, n fwUudnfc repethloo—wUhoet coraprthemkm— 
of word* beard coeihtcnl with ju^onophMla. The direct tssocklloQ of 
tbe tfldltoor eo-oidinalkm centre with the pbemle co-ordlnalloo centre — 
unnelltnet tepuatelf Inletrapled— 1 » then peetetved, In epltc o( tbe Injory 
to tbe EivxUtiTe are* of rerlil ibonshL In a ease died by Pfmdorff there 
was eren. besides repetltloa withoot coeoprebctii lo n. aotomailc cloeothn 
Uekiac thonch eerrect In form ( Lea apbaiies transconlcalea,” Soe. 
de hlfdidoe da Bas^Rhin Prttu Feb. 15 191a p, 141) 
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in operation in this last case, a functional disorder of 
association , in aphasia, there is a specific lesion bear- 
ing on the area of the association paths involved in 
verbal thought.^ 

9 Head's Attempt at Analysis 

Since aphasia appears as an intellectual disturbance 
of language, its various degrees, particularly during 
functional recovery, when, for example, a haemorrhage 
IS absorbed, follow the hierarchy of the verbal function, 
and the psycho-pathological data may be usefully com- 
pared with linguistic data, such as emerge especially 
from the important work of Meillet and his pupil 
Vendry^s ^ Pick had already attempted this in the 
first part, which is all that has appeared, of his work 
on the ‘ Agrammatism ’ ® characterized by ‘ pidgin ’ 
language or the ‘telegraphic style’, a juxtapositon of 
invariable words, lacking subtleties of form and syntax, 
and limited to the essential primitive form of ‘word- 
phrases ’ 

But Head, while he seems to go even further than 
Pierre Mane — denying sensory or motor aphasias, 
eliminating anarthria, and seeing in aphasia only an 
injury to symbolic thought* — endeavours to analyse 
the latter into more elementary functions, which can be 
isolated, in localized cerebral lesions, as he has already 
attempted to analyse the functions of sensory thought. 

Head is very considerate of the claims of science, as 
all his work proves, and is not content with clinical 
schemata, which are all that is necessary for medical 

1 But amnesic phenomena through diffuse functional disturbance often 
complicate aphasic phenomena due to more or less extended lesions of the 
language area. 

“ Cf Vendry^s, Langjtage (History of Civilization), 1924 

* Arnold Pick, Die a^ravimaitschen Sprachstortmgen, I, 1913 

* In fact. Head eliminates from aphasia the isolated injury of motor 
expression, verbal apraxia, or the verbal agnosias, ivhpse existence he does 
not deny , for him such disorders have nothing to do ivith apliasia , but this 
seems to be going a little too far 
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practice. He submitted aphasic patients during the 
war to senes of tests, affording an opportunity for an 
analysis of verbal and general behaviour , and this 
analysis has led him to distinguish four forms of aphasia, 
whi^ may appear either In an almost pure state, or in 
combination, with one or other predominating^ 

To these four forms he gives the names, ‘verbal,’ 
‘nominal, ‘syntactical, and ‘semantic aphasia. 

Verbal aphasia is characterized by a defect in the 
formation of words evocation is difficult, vocabulary 
limited, and enunciation slow and halting , the same 
defect occurs In wnung Spelling Is defective. There 
IS difficulty m reading, owing to an incapacity to recall 
a long senes of words Numbers are less affected. 
"When an enunciation Is incorrect the patient perceives 
It. Jokes are well understood whether set out m pnnt 
or in pictures. Drawing U accurate and also card 
playing 

In nominal aphasia It is the comprthtnnon of tfu nominal 
XKthit of words and symbols in general which is defective, 
and consequently their use is hampered Reading is 
very difficult, spelling and wnting are much affected, 
and copying in freehand is impossible. Complex orders 
are executed with difficulty Though numeration is 
still possible, calculation is no longer so, the signific 
ance of numbers being lost. The appreciation of com 
value vs defective The patient can no longer play 
cards, but can sometimes still play draughts or chess. 

Syntactical aphasia is characterized by jargonophasta 
The articulation and the rhythm of the phrase are 
defective and grammatical incoherence is complete 
Reading Is possible, but not verbal formulation. Writing 
although less affected, also shows a slight tendency to 
jargon 

Finally, in semantic aphasia, the full signtficanct of 

^ H. Hod Aphula od Kindred Diiordcn of Sptedi,” Bram 1930, 
XLUI pp. 165 j DUorder* of SjrmboUc Thlnltlng and E x p reaal on 
BrU Jmtrw*I 0/ 1911 XL pp. 179-193 t AphtiU on 

Hlftoriad Rcriew Pr^c ReymJ ^ cfld0dicttu 19*0, XTV pp. i u 
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words and phrases is lost Separately, each word or 
each detail of a drawing can be understood, but the 
general significance escapes ; an act is executed upon 
command, though the purpose of it is not understood. 
Reading and writing are possible as well as numeration, 
the correct use of numbers , but the appreciation of 
arithmetical processes is defective There is no capacity 
to play cards correctly, and jokes, written or depicted, 
are rarely understood A general conception cannot be 
formulated, but details can be enumerated. 

To sum up . for Head the mental activity of formula- 
tion and symbolic expression implies a high degree of 
integration, and its disturbances cannot be limited to 
defects of speech, reading, or writing which are not 
individualized psychic functions It includes cortical 
and sub-cortical mechanisms, whose predominance in 
certain areas of one of the cerebral hemispheres explains 
the appearance of aphasic disturbances as a result of 
limited lesions of the brain. 

If the lesion specially affects the area of the ascending 
convolutions we get verbal aphasia . the patient has 
difficulty in finding the verbal forms necessary for the 
expression of his thought If the temporal lobe is 
particularly affected, the result is jargonophasia and 
syntactic aphasia Finally, a lesion situated between 
the post-central fissure and the occipital lobe disturbs 
the appreciation of signification : when it is only a 
matter of verbal signification (nominal aphasia) it is 
the use of words that is impaired , when the general 
signification is more disturbed (semantic aphasia) the 
comprehension of logical conceptions is lacking^ 

Head’s attempt at analysis is very interesting, and 
the isolation of functions, which might be separately 

icy Henry Head, “Speech and Cerebral Localization,” Bfatn, 1923, 
XLVI, pp 355'S28 In this fine study we have a very full account of five 
highly characteristic observations, dealing with cerebral lesions The 
localizations in the different cases discussed are not based on anatomical 
exammations, post mortem, but on what could be ascertained as to the injuries 
of the living patient 
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abolished, according to the seat of the lesion, would be 
of great importance. Unfortunately the types of dis- 
order arc still insufficiently clear and seem to be very 
complex. They are groups of disturbances presenting 
such considerable individual differences that we are 
tempted to suppose that the four functions are either too 
many or too few 

The last type is related to a very diffuse intellectual 
disturbance, a weakening of the most complex associative 
functions. The first two would implv a predominance 
either in expression or In comprehension and are, in 
short, very like the old types of aphasia with a motor or 
sensory predominance. The jargonophasic type — which 
IS often associated with others — evidently involves a 
disorder which attracts attention and enables it to be 
indWidualited , it would be essentially the equivalent 
of ‘ agrammatism 

What, in any case, particularly emerges from this 
whole group of studies Is the relation of an injury to a 
limited temporq-paneto-occipital area, m the left brain, 
with disturbances of nominal or semantic comprehension 
that IS to say with the most charactenstic disturbance 
of symbolic thought, which in man, the speaker, is 
essentially verbal thought. 

Experiments on aphasics open the way to a finer 
analysis — psychological and cerebrological — of symbolic 
thought, thanks to the initiative of Head, the value 
of which cannot be too strongly emphasized ‘ 

' The c»pic»l hopOTtaoee of the moJchc* of Head baj been Twy rightly 
QOled by H. DeUooU is hb leamhable booV, Lt Lmujoft CParia, 
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THE PROBLEM OF VERILXL LOCALIZA- 
TION AND APHASIA 

It is a very widespread opinuin, but one v Inch is none 
the less entirely inaccurate, that none of the* cerebral 
localizations relatne to lanj^uaixi i an be niaint.iined 
to-day Though different mcw.s are opposi'd to the 
old ones, there are unquestionable anatonio-patho- 
logical facts in c\idence of loeab/alion, which, though 
less exact than we might wish, is much more so than 
certain w-riters w'ould have us believe 

To begin with, we know that in tlie great majority 
of cases, the lesions which involve disorders of speech 
and language arc those of the left hemisphere, and 
injuries to the left brain during the war have once 
more fully demonstrated this. Moreover, aphasia is 
most often accompanied by right hemiplegia There 
are, however, individual differences, and there are 
people who from the point of vmcw of language are 
cerebrally right-handed , and it has frequently been 
observed that left-handed people, wdiose motor pre- 
dominance is governed by the right hemisphere, and 
who are consequently cerebrally right-handed for mov^e- 
ments of the hand, are also cerebrally right-handed 
for language 

But the connection is not necessary, and cases have 
been observed, though in v'^ery rare exceptions, where 
aphasia was produced by a lesion of the right hemi- 
sphere among right-handed people, with a motor pre- 
dominance of the left hemisphere, or indeed where 

210 
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aphasia was produced by the lesion of the left hemi 
sphere among left handed people,* 

In any case the function of language is connected 
asymmetrically with the integrity of one of the cerebral 
hemispheres alone and that of itself implies a localization 
In the second place, it can be stated that aphemia on 
the one hand and Wernickes aphasia on the other, as 
Pierre Mane also maintained, are conditioned by lesions 



FlQ 17 The centres of language according to the dasaic 
cnocepbon (Dejenne) 


In froDt, th« daik tr«a nrpraoiU Bnn i ctntie or the centre of motor 
Image* of words, the lerion of which IhtoItc* ajdieink (foot of the 
third froatal) | hi the middle, above the hrtt UmponJ the centre 
of ftodltoTj image* of words, the lesion of which inTolve* Tcrbsl 
desfae** | and behind, at the level of the angulsr gTTu, the centra 
of vhnal Imsges of word*, the lesion of whkh InrDlret verbal blind' \ 
ness. All the dotted tempoio-parletsl region UWemlckc •sres. 

of totally different regions of the hemisphere concerned 
Comparison of the clinical data has established the fact 
that, m the first case, the lesion is located m the large 
cerebral quadniateral known as the lenticular area, 
which includes cortical elements (the insula) and sub- 
cortical elements (internal capsular fibres, the lenticular 
1 fy K Mcnd eh Ueber Redmhimigkeit bei Rechtblodtm, 
C 4 ninmait XXXHI 5 p. *91 ; Long, Un cmc (Tipbuie par IWoo de 
ITiiinljjdiiTB gaoebe che* rm gtoefaer LEntipJuU 1913, pp. 5»>-536, 
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nucleus of the striate body, and the claustrum) ; in the 
second case, the lesion extends throughout Wernicke’s 
zone at the confluence of the three lobes, temporal, 
parietal and occipital 

The legend of the failure of localization follows quite 
simply — if we free the anatomical problem from psycho- 
^ logical theories — from the fact that Broca’s centre, the 
foot of the third frontal, considered as the seat of the 
lesion peculiar to aphemia, has become discredited and 
IS eliminated from Pierre Marie’s quadrilateral, which 
stops at this point. 

But whether the lesion of aphemia should be exactly 
at the foot of the third frontal or a little farther on — 
the errors of the various authors being explained by 
the frequency of the concomitant degeneration of Broca’s 
area from arterial embolism which, in the neighbour- 
hood of the fissure of Sylvius, usually causes aphasia 
— hardly affects the notion of localization. As a matter 
of fact, Pierre Mane is not very definite, for, like a wise 
clinician, he objects to theoretical constructions and 
premature hypotheses 

Although a tentative theory of aphemia — desig- 
nated by the term ‘ anarthria ’ — as a simple difficulty 
of articulation, has doubtless seemed compatible with 
injuries of the sub-cortical centres, such as the lenticular 
nucleus (though such a theory has never been expressly 
formulated), what appears to be essential in the large 
quadrilateral is the region of the insula, which in a 
sense forms the prolongation of the base of the third 
frontal, without any precise limitation, together with 
individual variations for the division of the architectonic 
areas ^ 

And, though we can no longer admit that aphemia 
results from the loss of motor images of words, deposited 

1 The insula and Broca’s centre surround the Rolandic opercula where are 
located the incito motor labio-glosso-laryngeal elements, ivith bilateral 
action, the injury of which gives us a picture of pseudo bulbar paralysis, with 
dysarthria but without aphemia 
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in the cells of the cortex, but must suppose that elocu 
tion depends on a motor coordination centre, we arc 
justified in locahting this centre in the region of the 



FiO iB, PtCTTC llanei qaadriUlertd of onarthm, (honiontal 
BCCtioD of the bmln). 

The uea b et w tu the two Uoei A end B ioclndioc the ItmU betw ee n the 
ed{^ of the fiscon of SjlThs the uledor well (A v) the drUte bod/ 
(lentleoUi mclens &od emodete nnektu), the thaluou, end the eitraa 
ttW of the cxteml end intenal eapsnlet, but letTlog oot the third 
GronUl (F 3} and the tempondi, wbteh form part of Wernicke* icnie 
below the t^nadrOatenh 

insula, m the immediate neighbourhood of Brocas 
centre and perhapr impinging more or less on ih In 
any case, there is a cerebral area in the anterior part 
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of one hemisphere, nearly always the left, the exact 
limits of which are not established, but whose integrity 
IS necessary to elocution, regarded as an independent 
function 

On the other hand, the intellectual function of 
language which is injured in ordinary Wernicke’s 
aphasia is conditioned by the functional integrity of 
a cerebral area in the same hemisphere, situated further 
back and including the area enveloping the posterior 
part of the fissure of Sylvius (lower parietal convolu- 
tion as far as the limit of the occipital, first temporal 
and part of the second in the posterior region) 

Tdere we have the area of verbal thought so that this 
form of thought has an anatomical scat, and Pierre 
Mane’s conception, so far from being the veapon 
against all localizing theories which some have tried 
to make it, rather involves an essentially localizing 
principle such as is required by the facts themselves, 
since verbal intelligence necessitates, in his opinion, 
the integrity of a very limited area 

But, on this view, the area is envisaged as a single 
whole, with no dissociation of sensor}’’ verbal centres 
which condition auditory or visual comprehension and 
are injured separately in verbal deafness and verbal 
blindness respectively. 

The area of verbal thought would he between the 
common centres of sensory reception, auditory in the 
temporal area and visual in the occipital, though 
without including them 

But, as we have seen, there are cases of pure verbal 
blindness of which the war lesions provided further 
examples, as Pierre Mane has recognized,^ and even 
cases of pure verbal deafness Here the lesions are 

1 Pierre Mane’s explanation, as given by Chatelin, shows by its lack of 
precision the difficulty of making the newly recognized facts agree with the 
earher negative theory “ It is the combination of a lesion of the visual area 
with comparatively slight damage to this zone of language, or the fibres pro- 
ceeding from it, which constitutes alexia " Les blessnres du cerveaii, p 140 
ET,p 136 
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different and are found at the opposite limits of Wer 
nicko s zone in verbal blindness the> arc located either 
in the cortex or in the white matter, at the limits of the 
ocapitfll lobe towards the region of the angular g>rus , 
In verbal deafness in the middle of the temporal area. 

Limited areas, therefore, certainly exist in the sphere 
of verbal thought, corresponding to centres of sensory 
co-ordination the existence' of which Is required both 
by clinical facts and by ps>cho-phy5iological analysis 

It is impossible to determine precisely the limits of 
these centres Does the angular g>rus which w'as 
regarded as the scat of visual images of words (and 
which might be the rela} station ensunng the dynamic 
co-ordination whereby images are produced, but which 
probabl) plays a r61e especiall) in the co-ordination 
of motor reflexes of visual origin) really correspond 
to this funaion, as Dejenne would have us believe? 
It IS still impossible to give a definite answer But it 
is perhaps in the occipital lobe itself, on the lower 
internal surface, or perhaps in the angular gyrus,* In 
any case fairl) close to It, that we should look for the 
centre of \isual co-ordmaUon implied both by rapid 
reading and by the evocation of verbal visual repre- 

^ In H«nsdKn t pnblicatloof, co-ordljULlhic i^ mnlts of 700 annlomo* 

pcuboloclal obaerrUhns of tpbub we Bnd elm bidlcalloQt of definite 
locaUxellon, diSereot for mule mod calenl«lkiQ, tnd em partial 

locallxaliocLs and wordi and fylbblta. TltoDcIi the cc^enl conceptiona of 
Hcraehent who adberea to cUtdc doctrines, can do looker b« accepted the 
facU, wUch oocht to be iDCorporated hi the new inteiprtuUoot, cannot he 
neglected S £. H en a dv en, KhnijfA^ mmd Mnmitminln BtUri^ mr 
Ai Gtkirmi Ilenaehena own nmoiariet ( Lea tlt^mlona dt 
la facnlld dnUngace do la rawlqn* et dn calcnl" AVarW ipao, XXVII 
pp. loSp-to^lind those of AndrS Tbomaa ( Aphade; amotle, et aealcailie 
ifaptfcs He rjdj e a * L EncJpkMU^ I>ccea>bef ipsi pp. 60^.614) 

• The lesion of the white matter which InlerropU the left optic radlattmi 
and inTcltaa Yttbal bllndnm is InciDded between tbe anpilar cyrni on the 
external imCm* of the bemisphoc and tbe crnneni or the Ui^nal lobe on Ita 
Interotl rofacc, ChatcUn IncUnea to jAaee the lexkm csnidllkiniiig alai* In 
the fndfora lobe or the Uiqpjal lobe. It b, of coerae pcaiihic that the 
intermpUon of the tract! of accen to the eo-ordlnation centre maybe mktahen 
for a kaioo of tbe centre lt»elf tcany amodatVtn tracta of tbe opdc area 
pan near the anenkr gy iua . 



222 


THE VERBAL FUNCTION 


sentations (hence the inexactitude of the term alexia, 
which Pierre Marie and his pupils prefer for theoretical 
reasons) 

The centre of auditory co-ordination for the compre- 
hension of speech and the evocation of auditory repre- 
sentations IS located in the temporal lobe, though we 
can neither delimit it very precisely nor determine its 
relations to the auditory receptive area, about ^\hlch, 
unlike the occipital visual area, relatively little is 
known 

As for the probable centre of kin.'esthctic co-ordination, 
which may be placed between the temporal auditory 
centre and the motor area, the absence of sufiiciently 
clear clinical data docs not as yet allow Iocali7ation, in 
the proper sense of the word 

Aphemia, like apraxia, is connected uith an injury 
to the mechanism of motor co-ordination, and this 
mechanism has a cerebral seat which ue can place 
almost exactly. The centre of graphic co-ordination 
where the lesion of agraphia is located is situated at 
the edge of the base of the second frontal and the 
ascending frontal, at the level of the incito-motor centres 
for the hand. 

The other forms of apraxia depend on analogous but 
less complex mechanisms, the seat of which we have 
not yet been able to determine wuth certainty, or even 
approximately , w^e only know that it must also be 
sought as a rule in the left hemisphere, and that it may 
be found neither in the occipital area nor in the temporal 
but only in the fronto-parietal Vague though it still is, 
this first approximate localization is already a consider- / 
able achievement 

Similarly agnosias, losses of perceptive comprehen- 
sion for common objects are connected wuth lesions of 
one hemisphere only, nearly always the left* though 
occipital lesions give hemianopsias, right or left accord- 
ing to the hemisphere damaged, we still sometimes find 
visual agnosias with right hemianopsias, in spite of the 
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preservation of macular vision, as we have already 
pointed out. Verbal blindness itself, a more limited 
agnosia, coincides nearly always with this same ngbt 
hemianopsia, A lesion which involves functional loss 
of the mechanism of verbal visual cosDrdlnation may, In 
fact, extend to the occipital area of direct reception, or 
especially affect the radiations which bnng the visual 
impulses to this occipital area, radiations which pass 
under Wernicke s zone and enter this area in the 
infra-structure of the angular gyrus. 

We know enough then to assume, on anatomical 
grounds and without any imaginary constructions, the 
existence of limited cerebral areas corresponding to 
the sensory or motor co-ordinating functions implied 
by psycho-physiological analysis — the existence, that 
Is to say, of real co-erdtnaiton centres 

We also know enough to affirm that round the co- 
ordination centres of verbal receptioo there extends an 
associative area^ which coodibons verbal thought. The 
co-ordmation centres are the points of insertion through 
which sensory impressions act and from which concrete 
evocations start, they are the supports without which 
the entire structure crumbles and all verbal functioning 
becomes impiossible , but this functioning cannot con 
tinue, even though the co-ordination centres remain 
intact, if the association paths get confounded by a 
lesion that Injures the area of verbal thought as a 
whole 

So long as the assocmtions which arise from the other 
sensory impressions, feelings, attitudes, etc,, remain 
possible, non verbal thought, which is conditioned by 

1 In thu aia tia located Dnmeroos cortical rclar oeoiooca which aerre 
u pointi of rwdlmHoo hot do not eonc ap ood to mental IndlTidmlitatlooa, 
which appertain to the exdtatlao of the Dcnronei of the aenaorj ana alcme. 
We cannot regard this as the aeat of enbdcs, schemata, or concepts, whidi 
are only djnamisms with a senwry rapport. We may howerei wooder 
whether the feeUngi which accompany ccrehral fonctxiniiig do not inTolre 
the ex d u t i oo of certain of the** neniooea, or whether they arc b 

an IndqmdcDt area. 
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the other association paths as a whole — with peculiar 
forms linked also to limited areas ^ — may continue nor- 
mally, if functional disorders, resulting from the 
pathological accident which produced the aphasia, do 
not extend to the entire brain 

And the progress of our knowledge of nervous 
functioning allows us to conceive of the part played by 
the relay stations throughout this dynamic mental 
system, by that neuronic syntonization whose mechanism 
we outlined above (sec Chap. V. of Part II.) 

In reality, our anatomo-physiological conception of 
language and thought is gradually improving, gaining 
in exactness what it may lose in apparent precision 
We must renounce — as previously for the re-direction 
of neurones by amocbism — the idea of three or four 
reservoirs of images, painted in blue or red on diagrams 
of the brain, but this does not mean that we must 
renounce the localization of the real functions which 
have taken the place of the entities with which the 
localizers of earlier times worked 

It need not greatly surprise us that our attention to 
scientific exactitude does not give us more precision, 
for some of the chief reasons can readily be indicated 

To begin with, we find ourselves dealing with rough 
and generally diffuse injuries, in extraordinarily com- 
plex and delicate mechanisms, involving complex clinical 
states , we cannot experiment, and it is to the unhappy 
accidents of pathology alone that we owe the possibility 
of extending our knowledge of the lesional processes 
due to vascular disorders (embolism and hemorrhage), 
which depend on the distribution of the arteries and do 
not oblige us by limiting themselves to small areas 
with autonomous functions The wounds and injuries 
caused by projectiles during the war — generally also 
complicated by hemorrhages and vascular disturbances 

^ Thus thought, by visual schematization, depends particularly on the 
association paths near the occipital lobe, and orientation alone may be injured 
in certain hmited lesions, etc 
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— the microscopic overflow due to concussion, gave nse 
to disturbances less ordinary though sufficiently com 
plcx. But in only a few cases could anatomical 
examination complete the clinical analyses. 

Again, functional analysis generally remains very 
rudimentary and limited to the needs of the clinic, 
while the great majonty of the available anatomical 
examinations are also very inadequate. Localizations 
have been established according to the morphology 
of the convolutions, which have no necessary connee 
tion with the functional areas they correspond to the 
cell structures which the cyto-architectonic of the brain 
has begun to establish and which often cover different 
convolutions. 

Another new difliculty lies in the Individual variability 
which U possible in psycho-physical mechanisms, and 
which IS beyond doubt constitutional cerebrally ngbt- 
and left handed individuals provide an obvious example 
of this The cyto-architectonic shows that the relations 
of functional areas with a morphological appearance 
vary greatly with the individual, so that any judgment 
based on the appearance of the convolutions — which 
are already so vanable — Is suspect. Finally Moutier 
has emphasized the extraordinary vanability of arterial 
distribution, of the vascular divisions and channels, in 
particular in the area of the fissure of Sylvius, which 
results in great differences in the complexity of lesions 
for an arterial embolus of a given trunk, according to 
the topographical type. 

Add to this the great diflSculty that we feel — especially 
when we have not been able to follow their evolution 
for long — in distinguishing disorder^ due to a true, 
irremediable, irreversible destruction, from functional 
ones, due to distant causes and sometimes lasting, which, 
when the retrocession occurs, prevent our assigning 
limits to the anatomical area that corresponds to them 
(a metabolism more or less affected by insufficient 
irrigation, compression, inflammation, etc,), to say 

p 
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nothing of the reverberations of diaschisis in the 
partially affected circuits ^ 

Finally, considerable difficulties of interpretation are 
involved by the functional equivalence of the complete 
isolation of a centre through interruption of all its 
association paths and the destruction of this centre 
Itself, separately, as contrasted with the very great 
difference in the appearance of lesions which are 
limited to the white matter in the one case and may be 
more or less limited to the grey matter of the cortex 
in the other Interminable discussion may arise, for 
example, as to the significance of the angular gyrus 
in verbal blindness or of the base of the second frontal 
in agraphia, not to mention the fact that a complete 
or partial interruption of a great association bundle 
with a determined function (occipito-frontal, occipito- 
temporal, etc.), can occur at very different points of 
Its extent with like results. 

There even appears to be the possibility, in certain 
cases, though obviously much more rarely than is 
supposed, of functional recovery through the substitu- 
tion (of one hemispere for the other, for example, in 
praxic or gnosic co-ordination) of other cerebral areas, 
where a given functional area may be reconstituted. 

Considering our difficulties, then, it is no mean 
achievement to have succeeded in limiting, even if 
somewhat vaguely, the areas m which certain centres 
are found or through which great association paths 

^ This difficulty, even with a satisfactory' correlation of psycho-physiological 
and cyto-architectonic examinations, will long preclude absolutely precise 
localization Moreover this will probably' i ary too greatly from one individual 
to another, and involves groups of keys on the co-ordinative keyboard of 
language But the existence of such localizations admits of no doubt is hen, 
with minimal lesions, we find limited disturbances not following Ribot’s law 
of regression relative to the disappearance of mechanisms in an ini erse order 
from their automatization In diffuse and incomplete functional injury this 
law IS essentially valid , and I found a very good example in one of my cases, 
where aphasia resulted from an insufficient irrigation of the anterior and 
middle left brain, as the result of a ligature of the primary carotid 
Henschen's evidence, too, provides some very clear anatomo pathological 
cases of dissociation, showing isolated injuries of the co-ordinative keys 
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pass, such as those which condition verbal thought 
And we must not expect rapid progress * But the 
essentials are certainly there, and that suffices to provide 
a general conception, until more detailed investiga 
tlon leads to more satisfactory results. There is an 
unquestionable correspondence between determined 
functions and definite cerebral areas, and though the 
localizations may at one time have seemed more precise 
they have never been more firmly grounded This 
conclusion is inevitable for all who are acquainted v.ith 
the facts and are honest with themselves 

1 It mutBot be forgotten th^t erm fot the elemeoUry fnctioBi, which 
Ind theAulrei la direct expcriffleoutloii, there tre reflex ceotm which are 
Dot jti predielj looUted. The ceolrei of mmlxr toDos In TDxnuiah ftr« 
■tQl detennlDed aaly bjrpotbetlc&Qj A fenrtioti «hcD we c«bw to h ot itt n 
reflexes, the mcertiJzitjr U e%«D mote remBrkablc Kot onl; xro cerUla 
co-ordloxtioD eentm fee ociiUr moremtou ttin oknown, bet erm the 
pKlelkr reflex bu becD looted In the brxin or b the lower (fbai 
M^rcDcnU] thoM of the enuotoox re&exe* b the exrebrxJ cortex or b the 
lower pen of tb« tpbtl cord. And If wv peihelo^ bu forebbed data 
which ue b mut^ cue* deddre, It b not len tree thet loch oncotiiDtj 
u to the MDt of the reflet conoeetbe oeoroee* which cortra the moet tbnple 
rexetioee, ind wboxe exbtence b BftqnextioDxblc xbowx ox bow exnlloox we 
most be wben we ncoonter oQcertebUtx or co&Lnfllctioo u to the locxlba 
Uoo of the co DDc ctfag oenrooe* ioTolred b atimordlnxrilj’ complex fmetteux. 




THE AFFECTIVE REGULATION OF 
JMENTAJl, LIFE 
ITS r6le and JIECHANISSI 

Chapter I 

THE IDEA OF LIBERATION OF 
ENERGY AND INTEREST’ 

The study of the cerebral associative mechanisms on 
\rhich the processes of perception and the forms of 
thought depend does not exhaust the problem of mental 
activity 

The dynamic standpoint of evolutionary biology, 
which dominates contemporary psychology, demands 
that we should occupy ourselves with the actual opera- 
tion of these mechanisms When we consider mental 
functioning in action, even assuming that we know all 
the groups of neurones implicated in a given process, 
we still have to determine what causes this process, 
and on what energy it draws. There is a quantitative 
aspect in mental action seen as a whole, with which 
the remarkable work of Pierre Janet is connected 
And this quantitative aspect involves complicated dis- 
tinctions.' 

Mental activity is a function of an expenditure of 
nervous energy, each neurone furnishing, as it consumes 

^ F IL Flke tu obferred tbst the IntrodiictioD of tbe Idea of changq in 
IJie qunthy of ncmms eaci^ (Kogblloti J»ck*cc)) foT gi-mi of 

AiltfCBt ptlhwtja mji % lesalt of poxtiAl ledoox, mlglu allow ns to deter 
oUoa cerebral localkatlop ntora exactly did Mooakow ( Remarka on 
Ton Uooakow's Z>w im Grtshirm ” JtumMl $f Caw / oratfpr 

Nntrthcr 1918 XXtX 5, pp. 485-508) 
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cell reserves, a process of excitation capable of stimu- 
lating, in other neurones, expenditures of their own 
which in their turn require a new using up of reserves. 
Whether the reserves are exhausted, as in the last 
stages of inanition, when the nervous elements can no 
longer borrow from the other tissues of the organism 
and when coma sets in , or whether the chemical pro- 
duction of nervous energy is suddenly rendered im- 
possible, through a stoppage of the circulation or a 
suppression of oxygen, etc., which involves the im- 
mediate disappearance of the cerebral functions, the 
highest showing themselves to be the most delicate . 
in both cases, mental functioning is abolished through 
a lack of the necessary energy. 

If there is a slight deficiency in the energic processes 
only the most costly mental activities become im- 
possible, the complex synthetic functions, constructive 
thought and efforts of attention, while the automatisms 
continue to work correctly, in states of fatigue, de- 
creased oxygenation, partial ansemia, etc 

But in the absence of any apparent organic cause of 
modification in nervous metabolism, considerable varia- 
tions in the level of mental activity and of conduct may 
be noticed, and these have been systematically analysed 
by Pierre Janet ^ Difiicult actions requiring consider- 
able expenditure of energy will be possible at some 
moments and impossible at others.®^ This is perhaps 

^ The notion of levels of activity might be applied to the functioning of 
the nervous centres, and even in these there would be a level of high tension, 
according to Head, who has suggested the term ‘vigilance’ for this higher 
level of activity at whatever stage it appears Vigilance thus merges into 
the higher degrees of attention and mental efficiency in the psychological 
processes charactenstic of the higher stages of the nervous system Cf H 
Head, “Release of Function in the Nervous System,” Proc Royal Soc , 
1921, B 92, pp 184-209 — “The conception of Mental and Nervous Energy 
(Vigilance , a Physiological State of the Nervous System), VII [Oxford) Inter- 
national Congress of Psychology, Proceedings and Papers, Cambridge, 1924, 
pp 163-184 

* Under the mfluence of an emotion, the movements of a monkey depnved 
of the cortical incito-motor centres arc more easily earned out (Minkowski) 
Parkinsonians suffenng from mutism, when they are moved, begm to talk 
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connected, in certain cases, with the existence of reserves 
of energy which are not renewed and are finally ex- 
hausted But as a rule, and in a constant fashion for 
normal individuals, the difference will result from the 
feet that there is a liberation of energy at a given 
moment which either does not occur at all or occurs 
at a greatly reduced rate at other moments^ In one 
case, there is a state of thought relaxation leading to 
somnolence or to sleep diffuse thought at the mercy 
of the haphazard action of associative automatisms and 
external stimulation — a contracting of mental activity , 
in the other case, there is a tense condition of attention, 
the thought being increased and appUed to a definite 
object, so that it can be the source of useful evoca 
tions, m virtue of some ‘interest, by which energy is 
liberated 

What we call ‘interest Is this very phenomenon 
of ttie liberation of nervous energy, which shows itself 
as much in the domain of physical activity— -up to the 
point of exhaustion m a runner anxious to beat a speed 
or endurance record— as in that of mental acovity — up 
to the point of extreme cerebral fatigue m a creative 
worker in the midst of some lengthy and arduous 
production 

Interest is the manifestation of the intervention of 
affective phenomena and tendencies, and vanes as one 
or other of these tendenmes predominates. An action 
may arouse m me a keen interest, but this will suddenly 
disappear when the uneasiness of expectation polanres 
all my mental activity towards the passing moment 

In particular, the liberation of energy — realized under 
a nervous influence which should be regarded as very 
similar to trophic influences — though capable of general 
vanations from the high levels of pleasant exatation 

correctly while TolimUiy effort, except in nsflei reaction*, £xIU to 

atuin uiythint, faunffident tnosy being UbenUed to ormome nsrittxnce, 
expedxUy wbeo thii tsiengj U dkpened in the eonree of tn eflbet of thcmEht 
((/■ BxUtaki, Jtrkowxfcf end FUebet, Klo«e pntxdoxxfc mntixme ewAin. 
totdoit" Ifairtitgifia 1911 No. xi, pp. ii66-ia7a) 
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to the low degrees of depressive grief, is unequally 
canalized in many directions 

We cannot imagine mental functioning as the out- 
come of the passive operation of association chains 
more or less modified by external stimuli, or by the 
results of certain motor reactions to which they give 
rise. This functioning is that of an organism with a 
reactive power of its own, which appears in what we 
call the tendencies. The associative instrument is 
utilized for the needs of a life which obeys congenital im- 
pulses, directed by deep affective impressions Thought 
provides means of action which may appear as secondary 
ends , nevertheless, the true ends of action arise not 
from the neo-mental intellectual area but from the 
affective or paleo-mental area, which is biologically 
more primitive, and should be sharply distinguished 
from It 



Chapter II 


AFFECTIVE REGULATION IN 
BIOLOGY 

In the simplest known organisms that have not evolved 
m the vegetal direction, we find positive or negative 
reactions in &ce of external excitations, and it might 
be supposed that if these excitations suited the interest 
of the living being, this would be the chance outcome 
of repeated selection But we find an aptitude for 
profiting by expenence, the formation, for example, 
of a negative reaction Ih the presence of nocuous 
stimuli, just as If the production of a disagreeable 
affective impression had Involved the reversal of an 
initial refiex attitude. 

Infusona which Ingest g^ins of carmine with their 
alimentary particles, soon come to refuse them 

And the fact is still more clearly cmpbasired when we 
are dealing with more complicated organisms ' An 
ant which leaps dovm from a platform where it has 
been imprisoned, m order to regain its nest, will 
definitely refuse to do so if once it has fallen into 
vinegar (Van der Heydo). A lixard which has bitten 
a worm of offensive odour refuses thenceforward to 
touch similar worms. 

On the other hand, other experiences — which may 
accordingly be qualified as agreeable — arouse in the 
future a positive interest, an endeavour to repeat them 

Behaviour is found to be governed by general 

' See H. PHjuu, L AvtAtfum dS> 4 i Af/nnn Btbl, da Ftilloi tdeatifiqoe 
FuU, 191a 
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tendencies whence is derived adaptation to circum- 
stances and to different sorts of environment The 
hereditary equipment of reflexes and of instincts — those 
complicated reflexes which Rabaud often succeeded in 
separating into their more simple constituents^ — under- 
goes, thanks to the play of these affective tendencies, 
modifications which many facts prove to be heredi- 
tarily transmissible, in spite of statements to the con- 
trary which are the outcome of faith in fashionable 
doctrines 

The mechanism of modification rests in the first 
place upon a “physiological selection of actions” by 
the method of trial and error in Jennings’ sense 

At a certain stage of evolution, an associative registra- 
tion of the experience occurs, allowing the appearance 
of what Yerkes calls “ ideative behaviour”, and since 
these experiences may be evoked without being realized, 
there may be an economy of trial and groping Intelli- 
gence then manifests itself as a “ technique of attempts 
at reaction,” to use Claparcde’s expression By means 
of the intellect as an instrument, it substitutes for 
elementary anticipation, by an associative transference, 
which seems to be the primitive form of adaptation, a 
representative adaptation,” true prevision. 

Reasoning, the most perfect technical form of this 
kind of process, consists essentially in foreseeing a 
result and thus doing without some experience whose 
beginning and end we reconstitute on the basis of what 
we have already acquired 

But the intellectual instrument, with its mechanical 
automatisms and its own elaborations, accomplishes 
the aims of an activity directed by the tendencies, and 

^ See E Raband, El&tiiettis de Btologtc gtnit ah. Pans, 1921 

^ In this adaptation we have a true conditioned reflei., descnbed m inverte- 
brates even before Pavlov had examined it phj siologically and studied it m 
mammals I myself descnbed some very clear cases in actinians {ff H 
Pi6ron, “ L’6tude expdnmentale de I’anticipation adaptive,” Associaitoii 
frattgatse pour V Avancemejit des Sciences Congrh de Ltlh, 1909, pp 
73 S- 739 ) 
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cannot, therefore, be considered exhaustively apart from 
them The merit of psycho-analysis has been that it 
has emphaslied the r61e of affective factors in the 
association of ideas, and In the operation of mnemonic 
processes. 

The way in which feelings and tendencies enter into 
the processes of attention, and even into all logical 
processes, has been subjected to a most intcrc^ng 
analysis by Rignano ' In Ribot s ‘ affective logic ’ 
the r61e of the feelings is evident, but all logic has an 
affective character, for though one piece of reasoning 
may, taken in isolation, correspond to an intellectual 
automatism by conforming to a general model, an 
acquired soaal technique n succession of reasonings — 
that Is to sa) a genuine thought process — is always 
governed by tendencies which have their Intellectual 
counterpart in what are called judgments of value, 
which are at the beginning of all activity 
Affectlv e processes and associative processes are closely 
intermingled, and, in the higher emouons very com 
plex intellectual data mingle with affective impressions , 
the tendencies subdivide and multipl) os functions of 
a richer and richer experience, which is all the nchcr 
because over and above the congenital equipment of 
instincts and his own personal acquisitions, civilized 
man receives by education a r^um6 of social experience 
individually acquired but of collective origin 

However complicated they may be for psychological 
analysis, the tendencies arc connected at their primary 
biological foundation with appetition and aversion, 
which form the greatest obstacles to a mechanistic 
explanation of life, and which give the vitalists an 
opportunity of begging the question by making an 
appeal to a very convenient entity * 

* Rlgntao, Tk 4 Pjy<hti 4 gy tf Rtmminf 1913 (b tlie latenadoo*! librtiy 
Piycbologyl, 

* ty H, Plftroo, Du rtle et de la tt^nlgcaibn dn coofllt idnili&^oe 
* 3 itTe mfcuiltme ct vibUKne ScHntt* 19^ pp. 115 196. 
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In any case, whether or not we seek to explain 
them by reducing them to something else, the directive 
tendencies of activity and of organic behaviour are 
data which cannot be neglected in the study of mental 
functioning. 



Chapter III 


THE PHYSIOLOGY OF THE AFFECTIVE 
LIFE 

A *SPIKAL mammal, that is to say a mammal subject 
only to the control of the spinal centres, has no 
spontaneit} | it exhibits reflex mechanisms which may 
be somewhat complicated, but its activity is governed 
entirely by external stimuli 

On the other hand, a dog or a cat, even when entirely 
deprived of the association area, the cerebral cortex, 
will, if the functions of the paleo^ncephalon, and In 
particular the thalamus, remain intaa, behave in a 
co-ordinated manner , Ukc an individual obedient to 
tendencies. Thus Dusser de Barenne s decerebrate cat 
walked about spontaneously, was successful, although 
blind, in a\oiding obstacles, could even, so long as it 
possessed its olfactory lobes, seek out, find and take 
Its food — without of course being able to capture it — 
lay down on a rug near the stove, refused absolutely 
to cat meat soaked with quinine (like the decerebrate 
dog of Zcliony),* and reacted to painful stimuli by 
threats, mews and growls of anger, and by flight, like 
the decerebrate monkeys of Karplus and Kreidl, crying 
out from pain • An anencephalic child makes the same 
gnmaces, when given a bitter solution to taste, as does 
a normal new bom baby • 

* G P Zelkmy ^ObterrtUoiu m d» cfalem utxqoeb oo a ealerd let 

hoaitldierei rfrfbrwn," C X S*£. dt 1913 p. 707 

* J P Kjttplts aod XrridJ Utter Totil ezUrpUkcieo etoer esd 
Wder Gronhtrabwahphlrcn ta Affco (S/treoa rktsms) Arrldv JUr Pkjrri- 
*1^ 1914, pp. 155 iia. 

* W StenberCt GttchnucktCTrpf La dntu ; tbtes AMncqdxla," 
ZtiiJckr fttr Pxytktk^t^ 1901 XXVII p. 77 
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Though the ‘thalamic’ animal lacks the capacity 
of appropriate reaction, the delicate perception of 
events, the plastic adaptation of response and the 
appeal to memories of earlier experiences, it has still 
the general direction of an activity which seeks agree- 
able impressions and tries to avoid painful impressions. 



Fig 19 Horizontal section of the brain (Debierre) showing 
tbe ‘basal nuclei,’ the caudate nucleus {a) of the stnate body 
and the optic thalamus (d) 

Moreover, Goltz even attributed to his decerebrate 
dog hate, attachment and the maternal and sexual 
instincts. 

In the higher vertebrates, the sphere of affective 
regulation, the paleo-mental area, is localized in the 
centres at the base of the brain, in the paleo-encephalon, 
while the associative intellectual, or neo-mental, area, 
has Its seat in the centres of the cerebral cortex, in 
the neo-encephalon. 
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These data are in full agreementwith Head s' general 
distinctions, outlined above, according to which sensory 
excitations produce at the level of the cortex delicate 
and dlflferentiated perceptive reactions, and at the level 
of the thalamus, unqualified affective reactions 
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reverberation and become the object of intellectual 
experience — unlike the senses specialized for knowledge 
of the external world, such as sight, which only have 
a greatly reduced immediate affective reactivity, smell 
taking an intermediate position. 

The role of the thalamus in emotional expression and 
in affective mimicry has long been known. But it has 
been regaided only as a centre of expressive co-ordina- 
tion usually acting under the influence of cortical 
stimulation (Bechterew) 

An emotion arising in the higher mental sphere 
would be translated by appropriate gestures and atti- 
tudes, through the key-board of thalamic expression. 
And when he finds manifestations of anger in a 
decerebrate animal, Sherrington regards them as 
“pseudo-affective reflexes.” There would be a reflex 
response released by the same mechanism as in the 
case of any reflex of the spinal dog.' 

When, by stimulating not the thalamus itself but the 
adjacent ganglion, the caudate nucleus which belongs 
to the striate body, the floor of the fore-brain, the 
telencephalon of which the cortex is the roof, Pagano 
obtains all the manifestations of anger or of fear accord- 
ing to the seat of the excitation," the objection is raised 
that the existence of affective reactions does not prove 
that the seat of the phenomena of emotion is sub-cortical 
If the same reactions are obtained in the case of an 
animal deprived of its cortex (Pagano), this is taken 
as a proof that they are pseudo-affective in character , 

^ Cf Shemngton, The. Integrative Action of the Nervous System, 1906 
On the other hand Graham Brown, from his experiments on the emotional 
mimicnes obtained by excitation of the caudal area of the thalamus, concludes 
only that this area is connected with activities which condition the expressive 
reactions (‘'Note on the Physiology of the Basal Journal of 

Physiology, 1915, XLIX, pp 195-207) 

® By electncal stimulation of the caudate nucleus (in the thick frontal area 
of the head) by means of needles previously adjusted, Pachon and Dclmas- 
Marsalet elicited, m two dogs, expressions of satisfaction accompamed by 
lickmg (“Effets produits par Texcitation 61ectnque des noyaux caud6s 
chez le chien cveilli,” C R Soc de Biologie 1924, XCI, pp 558-560) 
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if not (Gemclli), this is said to pro\e that affective 
phenomena ha\c a cortical scat, secondary to the sub 
cortical excitation 

We ha\e here the same discussion as arose when 
Sherrington showed that an ‘apesihclitcd’ dog, that 
IS to sa) a dog depmcd, by section of the spinal cord 
and certain cranial nerves, of all relations between the 
brain and the viscera, exhibited the same emotions and 
the same affectu c reactions as a normal dog Advocates 
of a pcnpheral theory of the emotions, of the Lange 
t)pe, object that Sherrington s dogs had still the auto 
maticmimicr) ofaffectivity, but no longer felt emotions 
This objection was raised with better justification 
against the affectiie manifestations obtained by exci 
tation of the caudate nucleus m apesthetired dogs 
(Gemclli) * 

But if we proceed on the subjective ground of an 
animals consaous impressions when we cannot c\en 
say for certain whether u Is capable of consciousness 
at all, the discussion is as vain as it is interminable 
The (acts show that thalamic activity suffices to govern 
the general behaviour of an organism as a function of 
certain tendencies, with affective regulation, and that 
thus the automatic reactions of fear, anger and satisfac- 
tion take their place In a complex which has real 
affective value,* 

^ See especially oo tida qnctUoa C. S. SlierriBctcra, ExperinKtit oo 
the \ alee ot Vaicalu akoA VTaenal Faelora tea Uie Gcscsb o( EmMkn " /Vac 
Sh 1900, LXVI pp. 390>40>>^ ractoo 11 meecanifmo 6afe>. 
Joeieo dd emcoiaci] " f!fe rfi mrrw t mint igi* XVIl pp. 687 

696 — A, CetoelU, Lm ittrU ttmniif dtlf Emmsn* 191a — H PUroo 

L« tb^orie des 6aotiotia et lea dono^ actocUea de la pbyafolope “ JtnrnMl 
dt Ptyckihtxi 1907 rV pp, 43>-45l — G Duinaa, Lciptt«fcm de* 
Rent! Pkilnifkifut 191a 471I1 year pp, 32 73 and pp. 135- 
tSS. THa laat ttady enotalna m complete critical nmmary erccBenl froan 
ereiy point of view of the foycbo-^^yaloloclcal problem of tbe natnit of 
esaoilt^ 

* There can, boweter be no doobt that in Ibe nomal cotrrae of tbe actWty 
of an ocjaoitm ibe cortical fandicna Imerrene to eon re the complex rcalba 
tim of tbe Inadncta. LocaUxed cortical dhtoibancea may InTolre dlstubancta 
In tbe bminclWe acthltiea, If only thiovcb dhcbfalt. Bat we cannot Infer 

Q 
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An external stimulus which brings the tendencies 
into play not only provokes definite reactions and more 
or less appropriate reflexes, but also produces general 
manifestations of activity subject to a certain orien- 
tation. 

The affective interest aroused by the stimulation is 
shown by a general liberation of nervous energy, 
partially canalized in certain preferential tracts. Un- 
like the reflex, a partial response of limited duration 
with a well-defined mechanism, the affective response 
involves a comparatively persistent total activity. And 
in the normal organism, a large part of this activity 
takes place in the association area Mental functioning 
IS powerfully aroused by the affective reaction which is 
registered, in connection with perceptions, images and 
ideas, in the form of a particular impression, sentiment 
or emotion, according to our psychological terminology. 

But as a matter of fact, it seems that the character 
of ‘emotion’ belongs to affective impressions intense 
enough to involve an excessive liberation of nervous 
energy, which is no longer confined even to the rein- 
forcement of the adapted reactions, but extends beyond 
the nervous reaction tracts, according to Lapicque,^ and 
involves various manifestations of activity, not only in 
the form of motor agitation, as in exuberance of joy, 
but in the form of organic, visceral, secretory and other 
modifications Excitor or inhibitory reactions are thus 
released, which accelerate or retard the heart, dilate or 
contract the peripheral vessels and so cause blushing or 
paleness, arrest gastric secretion, increase sweating, 
salivation and lachrymal secretion, cause intestinal 
contractions and colic, relax the sphincters, dilate the 
pupils, etc. 

from this, as does Paalesco, on the basis of experiments by no^ means con- 
vincing, the cortical localization of the instincts N C Paulesco, “I-ocal- 
isabon des instincts sur I’dcorce cer^brale,” Archtv intern de Physiologte, 
XIX, I, 1922, pp 74-S7) 

1 L Lapicqne, “Essai d’une nouvelle throne physiologique de I’emotion,” 
Journal de Psychologic, 1911, VIII, pp. 1-8 
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All these emotional reacuons, for which childish 
explanations have been sought in terms of purpose, 
appear to be exaggerated consequences of the funda 
mental phenomenon of affectivity, the liberation of 
nervous energy they react in their turn by their 
coenaathetic reverberation on the a£rccti\c area, pro- 
longing the emotional reaction; and they penetrate 
into the association area and contribute to form the 
mental complex registered in our experience as * emotion/ 
with the specific charactenstics of jO), fear, or anger, 
involving different orientations of the activity of the 
organism as a whole 

A penphcral excitation, such as a sweet perfume or a 
sudden bum, will arouse a response from the thalamo- 
striate* affective centre, which will be stronger in the 
absence of the cortical inhibition that normally influences 
all centres of immediate response, to the advantage of 
elaborated reactions. But with e\en more efficacy an 
associative representation or a perception, such as the 
hearing of good or bad news, a pleasant or an un 
pleasant sight, will arouse the affectiic mechanisms 
whose effects will be felt both on all the lower nervous 
centres and on the cortical area itself, on thought. 

Were it reduced to the atTcclivc area the organism 
would be deprived on the one hand of all the perceptive 
and representative sources of emotion, that is to sa> 
of almost all its sources in the case of man, and, on 
the other, of the immediate intellectual reverberations 
of the emouonal reaction, as well as the indirect re- 
verberations due to subsequent organic modifications it 
would be deprived of the knowledge of the affective state, 

* H. Ftinio, Le» forma flimntuUra d« I ^ibotioti dan* le coaporte 
L* dyttUBOeWe iwoikMlle, JmnMj rjio, 

PP- 937'94S’ 

■ Afondbtg to Botcaloo Ibe moenctplalcio, u well u the UMitoies 
ceptelcei, fc*TB* p*n of Ibe •ffecU’r* 11 cerrello Imcrmedlo cd Q 

mncnce CUo,” b* My*, tstnootui qalndl mu bopoiteim fbixhsentele cel 

tt«cmu«o <kj procori pefchkL E«I wttitnUcooo l* wwu »tl* cnl fnadene 

e domto te an &Uo mest*le urune o oo mu d*U tonehu emotlm” ( I 
cimM eDCcfitSd dd rdltMl emodTi. Rxvut* i* PtittUgiM ipao 3 ^). 
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that IS to say, of its registration by experience, of its 
action on further behaviour : so that, instead of seeking 
in advance the means of favouring the agreeable impres- 
sion, or of avoiding the renewal of the painful emotion, 
a purely affective organism would remain as before 
when confronted by analogous stimuli, able only to 
react in their presence in the same way and when 
actually touched off, for the emotion, as objectively 
characterized above, could not become a mental events 
and so of service for a more perfect adaptation of 
activity and conduct 

The adaptation, which would thus be lacking, would 
consist in an action on events, and sometimes on the 
organism, in an effort to inhibit painful affective re- 
actions, either when such events were inevitable, or 
when, as a result of sufficiently strong tendencies of 
social origin, they should not be avoided — for example, 
in the case of some danger faced in the spirit of social 
sacrifice. 

^ Is consciousness attached to the primary emotion, to the 'ifleclne impres 
Sion of the sub-cortical centres, directing the general reactions of the organism, 
or only to the mental registration, to the associative knowledge of the 
emotional reactions ? This is a problem which it is useless to raise, since it 
IS quite insoluble 


I 



Chapter IV 


the data of affective 

PATHOLOGY 

There are isolated disturbances of the affective area 
painful imtability with crises of agonized exasperation, 
such as we find in cases of causalgin, where the sym- 
pathetic fibres have aroused erethism in the centres 
at the base of the brain, or in most of the thalamic 
syndromes , the states of anger which are frequent 
in epileptics, though they may constitute isolated syn 
dromes such os were observed m certain cases after 
war traumata, and which appear to be connected, in 
Huntington s chorea, with on injury to the basal gang 
lia , and those very common states of anxiety, anxiet) 
neuroses, which are attributed by Freudians to a con 
fljct of sexual tendencies 

But m mental disorders alTective pathology also 
plays a considerable part, and though long neglected 
in favour of Intellectual disorders it was rehabilitated 
by Pierre Janet and then glorified by Freud 

In dealing with the exaltation of maniacs and their 
incoherent agitation we must not look for the mechanism 
of their disorders m the sphere of association Pierre 
Janet sees here the effect of an excessive liberation of 
cnei^ for the available psychic 'tension, which in 
volves agitation and waste in lower forms of activity, 
while, if the ‘potential* of action were higher, an 
equal quantity of liberated activity would produce com 
plex actions, at a high level of attention, and superior 
energy 

It might also be held that in the case of excessive 
fii^charges, the mechanisms of inhibition which are 
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necessary for the higher forms of mental functioning 
are overcome by too powerful excitations, in a dynamo- 
genic form, characteristic of joy ; and in fact, in the 
case of serious people, news productive of violent joy 
sometimes involves temporary agitation, with an in- 
capacity to attend, and produces childish and incoherent 
actions, very like a minor maniacal attack 

Whatever may be the truth with regard to this im- 
portant question of mechanism, it is certain that the 
origin of these disorders should be sought in the regu- 
lation of nervous activity and of the expenditure of 
energy, that is to say in the affective sphere. 

True melancholia — in so far as it is not a mere 
depression due to diminution of activity, or to weari- 
ness after excessive expenditure, of which the repeated 
emotions of the war, which absorbed so much energy, 
provided countless examples — might appear to be a 
specific inverse injury, an excessive expenditure, directed 
especially into the tracts of inhibition and arrest, but 
also capable of appearing as an anxiety agitation. 

In most of the obsessions, as already appears m 
Pierre Janet's penetrating analysis, which psycho- 
analysis Avith its systematic deformations has continued, 
the affective injury is at the root of the intellectual 
disorder 

And the analysis of many cases of madness leads us 
to make a disequilibration of tendencies the cause of 
those disorders of the reasoning faculties, so many 
examples of which are provided in normal cases by 
affective logic, in Ribot’s sense (Rignano’s “ intentional 
reasoning”). 

Finally, it is the complete extinction of affectivity 
which, at any rate at the outset, seems alone to 
be m operation in certain forms of ‘dementia precox 

^ Dide and Gmrand call dementia prmcox an ‘ athymhormia,’ or a loss 
of the klan vital, and regard it as an hereditary affection connected with the 
involution of the terminal cells of the sympathetic tracts controlling coenses- 
thesia and the direction of the instinctive vital activity located in the sub- 
thalamic region {^Psychiatne dtt m&decin practmen. Pans, 1922) 
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where social life is rendered impossible through inco- 
herence and complete lack of adaptation of conduct , 
and this mental impotence is often found where the 
associative functions are intact, and where only directive 
unity is lacking We see here what can happen when 
a cortical funcUoQ is no longer controlled by the area 
of the affective impressions that regulates the tendencies, 
when the automatisms are released without purpose and 
systematization when absolute indifference reigns, and 
there is neither disgust,*nor shame, nor pam nor joy The 
deraintia seems more profound than when the intellectual 
mechanisms are lacking and when tendencies regulat 
Irvg a certain biological and social activity still persist. 

Governing the higher mental activity— which reacts 
upon it— the affective area, where the biological unity 
of the organism* is cCMirdinated is in close connection 
not only with the whole integrative nervous system, 
but also with the entire system of organic life The 
reverberations of the sympathetic, including m this the 
* parasympathetics, make AcmBelves felt with an extreme 
violence. And chemical actions, the secretory influences 
transmitted through the vascular tract, also exercise an 
organic direction of tendencies, and thereby of mental 
hie as a whole. 

Though certain toxic actions result id the excitation 


^ Dfwunti* pallenU, fox exMople vUl m ibctr eicrMMirt wilhoat 

Dupm taaj efthet be of tnteflecUal oiiglQ o< It na.y icqalre «n 
inltnectul dttr«ctCT Id cottfeqococe of tbe eoamthcUc hopreniMu 
acompuiy a reficix mtuei, thnn|h tbe latrodDcUon of certnin uaiouiBf 
sstaixacci into the ftocoacii In uj aue ccrodnet U (gowned ooly bj the 
tJSxdTe Imprettlon of diigtat. If tho hnprenloa b Inddnf^ the cofUaU 

win not in »Jl ouei fnffiee, la *pite of the ocjDiitd 
to prcmit Certain acti and to prooiote othera. Any uaocbUkm of Idcu 
wbaWTcr wIH aoffice to pcodoce aa mbaoid and dlytarinp acdritr no loMcr 
inMWted by the a J cc ti Tc brake. 

» In hb ImertnJng gowral itody whm h« abo*» how the nerrow lyttem 
playi the riie <af fatermedbry hctwtfia the extdot and the interior wd 
betwttuTarlooi parti of the body ^ Rljnbeck rtcalb ih* fact that the ntdiy 
<rf tbelWne bemg b oroccted with the nerronj rjxUm Bat (he tmitr i 
^ b In my opinion, to bo ftmnd In the aficctlTe tphere iff Tan 
rt crianbalioo dn ayrtime Dcnreni, An* mitrU if Pkysio- 
k 191 pp. 19S-1J5> ^ 
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of the cortical area, producing for example hallucina- 
tions of sight or touch, there are some which manifest 
a very active influence on affectivity, like adrenalin, 
which produces, in a suflicicntly strong dose, a state of 
anxiety (Maranon), or chloride of /3-tetrahydronaphthy- 
lamine, which produces in the cat all the symptoms 
of the most violent rage, even when the animal is 
‘ apestheti/ed ’ (Elliott), or hyoscmc, which suppresses 
sexual desire and certain essences which produce an 
impression of euphoria, etc , and all these affective 
modifications quickly lead to intellectual justification 

Adrenalin, secreted by the supra-renals, is perhaps 
an agent of emotional reverberation , in any case, we 
know that hormones, produced by internal secretions 
poured into the circulation, act specifically to awaken 
or calm tendencies and thus to govern the conduct of 
an organism, and indirectly orientate all its intellectual 
activity.^ 

The genital hormones, at puberty, awaken the in- 
stincts, enliven the emotions, and involve liberations 
of energy, and so play an essential part in the mental 
life of the adolescent In their absence, the principal 
centre of intellectual activity is extinguished : the 
aesthetic emotions are effaced, the disinterested ten- 
dencies grow weak and disappear Social automatisms 
and acquired habits, still easy to release, may persist, 
but impulses are lacking - 

^ We may further connect -with these data the part plajed by a substance 
elaborated by the liver, which is necessary to the functioning of the nervous 
system and particularly of certain centres thus an interruption of the hepatic 
circulation suppresses pain and allows operations on a dog without antesthesia, 
whereas the introduction of blood from an animal Math hepiatic circulation 
produces algesic sensibility (Renauld Capart, “ Contnbution a r6tude dn 
metabolisme c6r6bral,” interm de Physzologie,'KN, -p 244 and p 411, 

XVI, p 21 and p 119) 

® I have observed, as a consequence of serious and repeated emotional 
shocks, very curious cases of infantilism in adults, where complete amnesia, 
accompanying sexual inhibition and disturbances of the affective area^ produced 
the mentabty and conduct of a little child In one case, social re-education, 
of an intellectual nature, was able to restore the acquired attitudes of the 
adult, but the infantile character persisted, together with sexual incapacity 
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Piiard has shcrwn in tho case of cocks the cunous 
reversals which the ablation or grafting of the male 
or female genital glands can produce in character 
and behaviour, as well as in certain morphological 
characteristics. 

We know that the ligature of the vas deferens In 
the case of old dogs or old rats suffices to give them 
a new vigour, a renewed nervous activity and the 
tendencies of youth the indifference of the old animal 
gives place to susceptibility in the male, to care m the 
toilet, and to a desire for the chase (Steinach) 

Then, too, there Is the ‘suprarenal vinlity’ of girls 
affected with a tumour of the adrenals, resulting in a 
complete sexual inversion, psychical as well as physical, 
with all the masculine characteristics and tastes 
The maternal instinct, which has so great an influence 
on conduct and thought, is also governed by organic 
factors Rabaud has demonstrated a development of 
maternal love in mice at a certain stage of pregnanc>, 
under influences which are obviously humoral ^ 

These powerful organic actions enter the thalamo- 
striate affective area, In close connection with the vege 
tative life, and through this they exercise an influence 
on the neo-mental area, and on intellectual associations. 
We shall, therefore, fail to understand the cortical 
mechanisms of thought if we consider them in isolation , 
they must be connected with motor appiaratus of an 
organic nature , intelligence is an instrument of life 
which does not contain in itself the key to its own 
activity 

It IS obviously vain to look for cortical lesions m 
most cases of insanity and in many forms of mental 
alienation, as if associative disorders were responsible, 
whereas essentially there is only a disturbance of the 

[ef H Piiicn Le PnirOUtne. End dainlyw do lywirooe da Popri k 
propoi del pnirih de purne,® Jinw it 1919, pp. 300-J45, and 

pp 410-437). 

^ E. lUbaod, LTmtuict gutmal cbei le» in*nnniftm,'* Jn/rmtl it 
PjytUi*iu^ 1911 XVm 6 pp. 4*7-495. 
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tendencies, an injury to the affective area, often itself 
secondary to an endocrine imbalance, that is to say 
to an affection belonging to general pathology 

Certainly our knowledge of the precise mechanisms 
through which the hormones modify the thalamo-striate 
centres, and through which the modification of these 
centres reverberates in changes of orientation of be- 
haviour, in influences directing the play of cortical 
associations, the dynamic machinery of thought, is still 
insufficient and very rudimentary Even the psycho- 
logical analysis of the play of feelings and of their 
role in mental activity, so long neglected, is far from 
complete Finally, the mechanism of social sublima- 
tion through collective influences, which are exercised 
on the fiercely egoistic biological tendencies of the 
organism, and results in human spirituality, has not 
yet been fully elucidated To sum up, we can arrange 
the phenomena according to their main lines, and the 
progress of psycho - physiological knowledge in this 
respect is genuine ; it is certainly calculated to encour- 
age us in our further research. 


CONCLUSION 


In concluding this outline if nc cast a backward glance 
It seems that thanks to converging efforts psychology 
and ph)»stology arc being linked together with positive 
and useful results. 

Little by little we succeed in freeing ourselves from 
the congealed concepts of traditional ps}chologj nhlch 
up to the present, has rather sought to reconstruct man 
as he ought to be, in accordance with the exigencies of 
logic and morality, than to analyse him as a datum 
of facL in accordance with the methods of the natural 
sciences To day we genetully refuse to let ourselves 
be hypnotized by the insoluble problem of conscious 
ness, and limit ourselves to the objective standpoint 
of the analysis of communicable registrable facts, by 
which our social heritage may be enriched We are 
engaged in constructing a science of psjchology, 
dynamic in spirit, which forms an Integral part of the 
biological sciences 

This psychology determines the laws of the general 
activity of organisms, in their relabons with the en 
vlronment. Thanks to the marvellous and delicate 
instrument of language, human psjchology can study 
minute phenomena, and can penetrate into the details 
of an extraordinanly complex activity Physiology, 
on the other hand, which addresses itself to the ner- 
vous mechanisms that produce the reactions observed 
by the psychologist, cannot reach the details Its 
progress is however, enormous, since the time when 
that pioneer Gall, who has been so unjustly misunder 
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stood, imagined a fusion of psychology and cerebral 
physiology.^ 

The anatomical and morphological spirit, which can 
only conceive of convolutions or cell masses — corre- 
sponding to the static spirit of most of the psychologists 
of the last century, which was sustained by entities, 
images or concepts — has been the source of confusions 
and errors which have obscured the problem of cerebral 
localization “ 

In order to understand the furictioning of the brain, 
nervous functioning must first be understood and in 
this respect the labours of the French school of Lapicque 
are of fundamental importance Though we have not 
as yet a completely satisfying explanation of the ele- 
mentary nervous mechanisms, at least we are fairly 
sure of the main lines of this explanation We know 
also that every nervous process represents the activation 
of a comparatively complex chain of neurones, often 
very far removed from one another, and that this chain, 

^ Phrenology seems childish to us to daj, but Gall uns an inno\ator whose 
influence was considerable and fruitful, and Blondel has righllj attempted a 
rehabilitation {Cf La Psychopkystologte de Gall, Pans 1914) 

In reality Gall, who lacked an anatomo-phjsiological basis and had not 
analysed the entities of the facultj-ps}'chology, could never produce more 
than ridiculous schemata Less pardonable are the imaginaiy schemata of 
a number of more recent authors, like Grasset’s polygon and centre O, which, 
how'ever, had a great success 

^ The anatomists are alwa}'s hoping to make psychological and morpho- 
logical data directly correspond Vogt, to whom we owe an admirable work 
on the architectonics of the cerebral cortex, thus concluded the lectures he 
gave in Pans in 1910 “ By examining, during their lifetime, a certain 

number of individuals with the aid of these psychological methods and then 
studying the architecture of their brains, w'e may hope to find the anatomical 
characteristic of their intellectual qualities, and thus to advance the science 
of cerebral localization ” In this attempt to establish a connection he 
neglects the essential link, which is physiological {cf Oskar Vogt, “Ouel- 
ques considdrations g^ndrales sur la my 61 o architecture du lobe frontal,” 
Remie Neurologique, April 15, 1910, p 420 ) 

® But certain naive followers of Watson, ‘ Behaviorists ’ of the American 
school, who take for their motto “Give me a nerve and a muscle and I will 
make you a mind,” regard it as useless to penetrate into the ‘ cerebral 
mystery ’ to explain thought, which consists for them in neuro muscular 
penpheral processes ' Cf Givler, Journal of Philosophy, 1921, XVIII, 
pp 617 629 
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since it undergoes many and various influences from 
other groups, cannot be isolated vnthout a profound 
modification of function 

As there arc many millions of these chains of neurones 
in the brain, we can realize how confused must be the 
modifications due to localized excitation or destruction, 
which m the case of man, who alone can be studied in 
sufficient detail, thanks to language are generally due 
only to the chance of blind natural expenments 

And yet, as we have seen, these blind experiments 
have yielded a nch harvest of facts The truth is that 
in the chains of neurones constituting functional circuits 
of thought, there are systematic groups, connecting 
groups especially which justify the idea of ‘centres 
These centres are critical areas where mechanisms with 
a distinct rdle arc articulated receptive and incito- 
associative connections , projective and iDciU>motor 
connections, connections of co-ordination and elabora- 
tion, perceptive and executive The value of the facts 
obtained is such that psychical symptoms admit of 
neurological diagnosis, the diagnosis of lesions in 
centres, and if required can direct the surgeon s trepan 

On the other hand, the delicate mehods of histology 
support the findings of physiology, they describe the 
connecting elements, and follow the receptive and pro- 
jective tracts and the great association paths and, we 
can even, thanks to the degeneration produced by a 
lesion of groups of fibres, at any one point, distinguish 
the course of given bundles In the midst of thousands 
of others. 

While a physiologist like Shemngton, and a psy- 
chologist like McDougall, have shown that the data 
furnished by each retina, fused into binocular percep- 
tion, really enjoy a relative automony in spite of power 
ful unifying associations, an anatomist like Minkowski 
has concurrently proved that the connecting tracts of 
each retina retain thiiir Individuality and their inde- 
pendence as far as the calcanne cortex, where they 
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both come to an end in the area of visual reception 
that contains powerful association paths (bundle of 
Vicq-d’Azyr) found nowhere else. 

Moreover physiology forms an efficient supplement 
to psychological analysis by providing evidence along 
Its own lines of phenomena identical with those other- 
wise made known to us by the study of the mind.^ 
When Graham Brown shows that the preliminary 
excitation of a point on the cortex facilitates the excita- 
tion of adjacent points or the immediately consecutive 
excitation of the same point, he is concerned with the 
very phenomenon with which we are already familiar — 
the lowering of the threshold of sensation by a pre- 
liminary or simultaneously associated excitation and 
which we call involuntary attention The reinforce- 
ments and inhibitions which constitute attention are 
very general data of neuro-physiology. 

By his method of the conditioned reflex which has 
proved so fruitful, Pavlov has succeeded in advancing 
from the physiological point of view questions which 
seemed to belong essentially to the psychological 
domain . attention, memory, the law of association, and 
sensory analysis But he regards psychology, with a 
terminology full of subjective significations, as useless 
if not harmful, since he cannot conceive the possibility 
of an objective attitude in mental analysis, which he 
thinks IS merely an effort at explanation in terms of 
consciousness, thus showing himself somewhat ill- 
informed 

We may certainly admit that very valuable data as 
to the fundamental laws of the special activity of the 
cortex, an ‘ analysing ’ activity, are furnished by the 
method of the conditioned reflex, a method which does 
not involve the direct isolation of the cerebral tracts 
activated, and has much in common with the methods 
of training employed in animal psychology But it 

^ Geo T Johnson, “A Survey of the Physiology of Cerebration,” 
Journal of Abn Psychology, 1921, XVI, pp 115-136 
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is none the less true that this activity of the cortex, 
whose dchcac^ and precise gradation Head, from his 
point of \jcw, nghtlj cmphaslzesi can be followed in 
Its complexit) onl> b> means of the social instrument 
constituted bj language with its nice gradations 
cspeclall> the \cr) nch languages bequeathed to us 
b) the great European civilizations* 

The fundamental laws ma> perhaps then appear less 
ctearl) than in a general stud) ‘ but if these laws arc 
presupposed, we can better follow their forms and 
variations in the rich domain of verbal reactions where 
human ps^cholog) displays all its powers of anal^'sis 

Thus the knowledge of human mental functions — 
so invaluable for us — will continue to progress on 
the foundations of the ncuro ph)siolog) and histo* 
morpholog) of the brain It will profit b) the evolu 
tionar) data of animal ps)cholog>, and will utilize the 
sociological discos ones which retrace the special laws 
of collective influences or follow the acquisition of 
instruments of thought transmitted to new generations 
and above all, it will be derived from the direct in 
vesligation of human behaviour 

• Thni by Wlowiag hSi own oKthoJ bai csublbbtd a Tcry 

Ctoml U« ibil of (mdUUon and •qb««qccnl ctmccnlrallon of ibo ncmrai 
procen,” be ibowi ihit tbe pfycholoc^cal approach would not admit of 
a ceoml rrptaenuUon of Ihl* Uw (Cf J T Parlor L* rraJe phyti- 
olo^le c^T^bnle A ekirtt imJrrnai ds rkjiul 19^1 Will pp. 

ThW ilody tepfctenu a cotnmwilcaOon to the Conc«« of Piychhlfy 
>«cQrolo^ and Piycboloo’ which iboold bare uhen place la Aac«U I9r4<) 
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Symbolism 18 fl 51 
Symbols 133 166 
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Symapse* aa 47 49/ Oj 141 
Syncfoeslas Oa 
Syntax X93 

Syntony 1171. 139 II 234 

Tambuiini *7 
Tangtntm fibres 47 
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A COMPLETE LIST 

PHILOSOPHICAL STUDIES By G E Moore, Utt D , author 
of " Pimcipia Ethica ”, editor of “ Mind ” 

15/- net 

"Students of philosopliy will welcome the publication of this volume It is 
full of interest and stimulus, even to those whom it fails to convince , and 
it is also very undogmatic Dr Moore is always anxious to bring out the 
arguments against those in favour of the positions to which he inclines, 
and cares to refute not persons but false doctrines ” — Oxford Maganne 
" A valuable contribution to contemporary philosophy "■ — Spectator 
THE MISUSE OF MIND a Study of Bergson’s Attack on 
InteUectuahsm By Karin StepJten, formerly FeUow of 
Newnham CoUege, Cambridge Preface by Henn Bergson 
6/6 net 

“ This IS a book about Bergson, but it is not one of the ordinary popular 
expositions It is very short , but it is one of those books the quahty 
of which IS in inverse ratio to its quantity, for it focusses our attention 
on one smgle problem and succeeds in bnngmg it out with masterly 
clearness The problem is the relation of fact to explanation So stated 
it may soimd duU , but the moment its import is grasped, it is seen to 
deal with the fundamental difference between two rival methods in 
philosophy ” — Times Literacy Supplement 

CONFLICT AND DREAM By W H R Rivers, M D ,LiUD , 
F R S Preface by Professor G Elliot Smith, F R S 
12/6 net 

‘ In his last book LIr Arnold Bennett claims for W H R Rivers a place 
among great men As traveller, healer, and expenmenter Rivers had 
that kmd of commandmg vigour that is one of the marks of genius 
Nothing could be more fascmatmg than to watch him separating the gold 
from the alloy in Freud’s theory of dreams His book is as different 
from the usual Freudian book on the same subject as is a book of 
astronomy from a book of astrology ’’ — Robert Lynd, m Daily News 

PSYCHOLOGY AND POLITICS, and Other Essays By W H R 
Rivers, F R S Preface by Professor G Elliott Smith 
Appreciation by C 5 Myeis, F R S 
12/6 net 

‘‘ In all the essays in this volume one feels the scientific nund, the 
nimd that puts truth first Rach of the essays is interesting and valuable , 
perhaps the most arrestmg is that in which he discusses and defends, iii 
the hght of recent research, the conception of society as an orgamsm ’’ 
— New Leader “ This volume is a fine memorial of a sohd and cautious 
saentific worker ’’ — ^Havelock RUis, in Nation 

MEDICINE, MAGIC, AND RELIGION By TT E R Rivers, 

F R S Preface by Piofessor G Elliot Smith 

10/6 net 

"It is prmapaUy an attempt to interpret the ideas that inspired prnmtive 
mediane But the penetratmg nund of a seeker such as Rivers mevitably 
went beyond that it is 'disclosure of the prmaples by which pnmitive 
soaeties hved No more important contribution to ethnological know- 
ledge has been made dunng the past twenty years ” — Adephi “Dr Rivers’ 
book is one long array of fascmatmg illustration, linkin g up his subject 
with the most modem forms of neurosis, a contribution of qmte excep- 
tional value to medicme and history alike ’’ — Northern Review 
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TRACTATUS LOGICO-PHILOSOPHICUS By Ludmg TT \Ugen 
sUtn Introduction by Bertrand RtisuU F ILS 

(of& ntu 

TbU ti a most important book contalnlnj' otiglcsl Ideas on a large 
range of topics forming a cobcrut mtem wU^ is of extraordinary 
i n to ^ and deaerres the attention of all pbfloaopbers — Miad Quite 
as exciting as we bad been led to cnppose it to be. As stLmnlating as 
Garntwl Bauer's ffoUbookt and nearly as important as Prin^pi* 
^SaihemMtiia — htm SiaUtnan 

THE MEASUREMENT OF EMOTION By W WfiaUly SmUh 
1/ /I FoTctmrd bj U'tUiam Brown M D D Sc 

io/6 tui 

^ So theory more derastating more mateUallitlc in its impUcaticins has 
eTet been enanciated It dismlMes as an automaton and renders 
snrviTal after death laconcdTabta It tondbes the fandamental inaes 
of both psychology and phpdoloCT and the man who dcrlses a means 
of disproving it finally will renoa tlic« sdencea a great serrice, — 
n eeUy n ettmtutitr 

SCIENTIFIC THOUGHT a Philosophical Analysis of Some 
of its Fundamental Concepts m the Light of Recent Physical 
Development*, By T D Broad LtU D Lecturer m 
Philosophy at Trinity CoDege, Ounbndge, 


** This dosely rcoaoned and paitlcDlaily Indd book Is certain to talee 
a chief place in the dlscroBlons of the pbUoaophlcal problem whldi at 
the present time Is of central tat ejes t that oi the nature and i mport 
of the sew coseepts of the physical aalr tz te The whole book is weighty 
trilh matter and oiarks an Inteheotnai achie v e ia eBt of the hl^iest order 
it arrests onr attention-*^ enr o ot y reading of it U simply impoaoible— «nd 
interest is onstained from beginning to endl —Ttmts LiUrtry SappUmtni, 

PSYCHOLOGICAL TYPES the P^j^ology of Individuatioru 
ByC G Jung author of The Psj^ology of the Unconscious, 
Translated with a Foreword by U (^mn Baynes M B 


Third miUMtt Sif- n*i 

Among the paycboVKd*t* have something o< valoe to tell ns 
Br Jong bolds a Tcxy high place. Be b both oensaiTe and acute and oo 
Uke a great writer he convinces ns that be is not inadequate to the im 
toenoe complexity and onbUety of his material. We are consdons throngh 
oat of a aeniltiTenei*, a wide range of a mlndedness 

which give na a real respect for the aothor Tin man who nodertakes to 
discosa psycholodcal types propooe* to himself almost the most ambitions 
task a man conid attempt. Among nwxinii psynhologlatx there is no 
one who seems to ns more adequate than Dr Jnng — Tirw LtUrury 
Sappi*wuHt 

CHARACTER AND THE UNCONSCIOUS a Cntical 


Exposition of the Psycholc^ of Freud and Jung. By 
J H non der Hoop 


\of6 Hfi 

His book Is an admirable attempt to reconcile the theories of Jung 
and Fread He show* that the postoons tip by these two psycholcK 
gilts are not as antagonliUc as they appear at fiat sight. The b«)k con 
tains a very adequate and oitnple account of Premi'i t>><r->itTig in it* 
Mfimt fest nr e a , and his treatment td both theories is dear aM oympa. 
tbeUc.''' — N ms SlMUiman 
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THE MEANING OF MEANING a Slu(l\ of tlic Infltume of 
L.inguagc upon Iliouqhl .uul of tin Srn net of Symbolism"' 
Bv f A Gct/t;/ and / 1 Richatth Introdnrtion bv /. A 

Po'^tnati , Liil n Snp)")lt mt'iil.in IC^s.ivs In /> Uahno,, i, 
PhD D and /' (> ( >ooh\haith, 1/ /) , PRC P 

Srco)i(! t (htioii izjii J(/ 

"The nuUiors ntlncl the itmhU tii frotii ii iiuirc fiitulnui' ntnl jKiuit of 
Ihnn tint from \\hich otla rs h i\< fh nit mill it, mid .it 1 f^t »onit 
liplit n thrown on the factors nuohtd TIil inijyntnnct of lluir work 
is oliMons It IS a hook for cdiit 'itinnnh'‘ls, cthnologJ■-t^^ j'f'mo"''oans 
ln£;](inns, nnd, nlin\t .ill, psM holonists The hook is writtiii with 
ndinirnble dn^t^ and a strfiiif,* •'tnsc ot hninonr, iiial iiu' it not onh 
profitable but also hiphh eiiltrtaininu ri adiin,' for ainoiu v ho vislus to 
address am rcinarl to a fellow i re itiin with tin inti ntion of Ik-iiij; 
understood ” — Arte 

SCIENTIFIC METHOD an Inqnirv into tin ( liar.u tt r and 
Validity ol Natural lavs 1 D Rilihu , Fellou of 

Trinity Collrgu, Cambridgi 

lO/A lift 

Ihe fresh and bnf;ht sf le of Mr Kitelne s \olniiie, not v itliont i salt 
of hnaionr, makes it an iiitercstintt and ple.as mt b lol for the j^eticral 
reader Taken as a whole 5 dri ttf ' SitH ot is abh , eomprehe asu e, nnd in 
onr opinion, right in its main argmm nt and eomlusions' — hrtt si 
Mcthcil Jnitital " Ills brilliant book ” — I) nly At tj 

THE PSYCHOLOGY OF REASONING B\ Lu-d m Rv^nm o, 
Piofcssor of Philosopb} m the Lni\ersit\ of Milan 

I )/ nrt 

"Professor Rignano’s elaborate treatise, wlnth roniiileteh snreees all 
the chief tepes of rc.asomng, norm.al and ibnonnal, is .a \ ihiable con- 
tnlnition to ps} ehologicnl literature" — Mtr/q U t s'lntt stor ‘The 
theor) IS that reasoning is simple iinaginatiee e\penTncnting Such 
a thcore offers an case c\planation of error, and Professor Kignano 
dr.aees it out in a eerj eoneinang manner — Jints I'tertrv Sttf'fj'cn oit 
CHANCE, LOVE and LOGIC Philosophical Essays B\ 
C Italics S PcDcc Edited tenth an Introduction by Morns 
R Cohen Supplementary E'^say by John Dtrucy 

i2/o net 

‘ It ij impossible to read Pcircc eeatlioiit recogmring the presence of a 
superior mind He eeas something of a genius ” — P C S Schiller, in 
Spectator " It is about the clarification of our ideas that Mr Pe.rce 
makes his most interesting remarks, it is here that one secs what a 
bnlliant mind he had and how independent^ he could think " — Ration 
SPECULATIONS Essays on Humanism and the Philosophy 
oi Art Byr T E Hnlinc Edited by’’ H abort Read 
Frontispiece and Foreword by' Jacob Epstein 
io/6 net 

" Tthth its peculiar merits, tins book is most unlikelj to meet with the 
shgktest comprehension from the usual re\*ewer \Vhen Hulmc was 
killed in Flanders in 1917, he was known as a bnlhant talker, a brilliant 
amateur of metaphysics, and the author of two or three of the most 
beautiful short poems in the language In this \olume he appears as the 
forerunner of a new attitude of mind, which should be the twentieth 
century mmd ” — Criterion 
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THE NATURE OF LAUGHTER. By J C Gregory 
io/6 nti 

Mx Gncof7 Is thU frcAh and aUmnUUng itsdjr ioios iow with aB 
hU pT^w a aoTa In onr jsdesKSt be has made a distinct adrasce in 
the vtndy of lasghtet and nU teniatka os wit, humcmr and comedr 
are moit diaaltninaUng The wrltcr'a own vlrodtj of ttjle ■oita mi 
isbject admirabljr — Journal of Edataiitn 
THE PHILOSOPHY OF ^^5SIC B> Wtlham PoU F 
Mus Doc Edited NMtb an Introduction by Erficori / DuU 
and a Supplementary Essay by Dr Hamtlfon Ilarirtdge 
NfWfJfHe* 10/6 nti 

** ThU Is an exctHest book and Ita r 4 isik ibonld be welcomed bj all 
who take more than a anperddal (ntcrest in mmfe. Etpcdallf ahen^ it 
appeal to tboae o{ a moncal or adenti&c frame of mind who may hays 
posdertd npon the why and the bow of things mtaicaL Dr Foie po^eaaed 
not only a wide knowMge of theie matteta, bnt also an attractire t^le 
and tbta combinatfon has enabled Um to act forth (dearly and raffidc^y 
completely to give the general reader a fair aQ-ioond grasp of hij 
inb}^ —~T)iu<Kfrj 

INDIVIDUAL PSYCHOLOGY its Tbeory and Practice By 
Alfred Adler Translation by Dr Paid Radin 
x8/ nrt 

” I)r Adler Is the leader o( one <4 the more Important achiam# from the 
original Fnradiaa aehoot Ife makea a valnabh) contribution to psychology 
IBs thesis is extremely dmple and coraprebenslTe mental phenomena 
when correctly ooderstood may be regarded as leading op to an end 
which comists in establishing the snoiects roperlority ’—Diuopoy 
Saggcstlve and stlnmUtlog. — dfsrafaf Poti 
THE PHILOSOPHY OF AS IF By Fans PatAinger 
Translatcrd by C K Ogden M A 
tsh 

** The most important contribution to pbUoaophlcal literatnre in a 
quarter of a ceutiuy Briefly VaBdoger Tn*w evidence to prove that 
reaHtr and thongbt are oat of key Reason was never as isstnunent, 
be bolds for the onderitanding of life We css arrive at theoilea which 
work pr e tt y weH by oonsdonsly Ube assomptloni We know that 
these fictions In no way reflect reality bnt we treat them as 1/ they 
dM Among cndi fictions are — the average man freedom. God em p t y 
space, point, matter the atom, infinity the abaolnte AB abstracts 
cUadflomoos compatlsons general Idei^ are fictions AB the adencea 
and arta depend upon fictions. — Sprdaior 

THE NATURE OF rNTBLUGENCE a Biological 
Interpretation of Slind. By L D Thxmiont E^rofessor of 
Psychology in the University ol Chicago 

loft fuT 

Prof Thoratooe dlftlngalsbes three views of the nature of InteHlgcnce 
He namea the first Academic the aeeond the Psyebo-analytio the 
third the Dehsvloarist. Against tbeaa three view* though not in 
oppositioa to them. Prof. Thnistofio expoimds hla thods that coasderas- 
DcM Is onfinlsbed action. He contends that it is not inconslxteot with 
any of the three views while In a sense It Interprets each of 
book Is of the first Importance AB who make nae of mental tests will do 
well to come to terms with hli theory — Timu IMtnry SaftpUmtnt 
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THE GROWTH OF THE MIND . an Introduction to Child 
Psychology By Ptofcsso) K Koffka of the University of 
Giessen Translated by Profcsso) R M Ogden 
Second edition, 15/- net 

His book IS e\trcmclv intcrcsbng, and it is to be lioped that it will be 
widely read ’’ — Tunes Litoary Supphtnent Leonard IVoolf, reviewing this 
book and the follownng one in a Nation Trading Article, writes " Every 
senous student of psychology ought to read it [The Apes'], and he should 
supplement it by reading The Growth oj the Mind, for Professor Kofika 
joins up the results of Kohler's observations with the results of the studj 
of child-psychology " 

THE MENTALITY OF APES, tvitli an Appendix on the 
Psychology of Chimpanzees By Professor W Koehler, of 
Berlin University 
"[Vith 9 plates and 19 figures, 16/- net 

" May fairlj be said to mark a turning-point in the history of psychologj 
The book is both in substance and form an altogether admirable piece 
of work It IS of absorbing interest to tlic psychologist, and hardlv less 
to the layman — especially the lover of animals His work wall alv\-ays 
be regarded as a classic in its kind and a model for future studies ” 
— Times Literary Supplement 

TELEPATHY AND CLAIRVOYANCE Bj Rudolf lischncr 
Preface by E J Dingwall 
With 20 tlluslraitons, 10/6 net 

" Such investigations may now expect to receive the grave attention of 
modem readers They wall find the matcnal here collected of great v alue 
and interest The chief interest of the book lies in the experiments it 
records, and we think that these will persuade any reader free from 
violent prepossessions that the present state of the evidence necessitates 
at least an open mind regarding their possibility " — Times Literary 
Supplement 

THE PSYCHOLOGY OF RELIGIOUS MYSTICISM By 

Ptofessor James H Lcuba, author of ‘ A Psychological Study 
of Rehgion,’ etc 
15/- net 

" The book is fascinating and stimulating even to those who do not agree 
with it, and it is scholarly as well as scientific ” — Review of Reviews An 
extension and development of the views outlined in James’s Varieties of 
Religious Experience with much new matenal A section is devoted to 
mystical experiences produced by drugs 

THE PSYCHOLOGY OF A MUSICAL PRODIGY By 

G Revesz, Director of the Psychological Laboratory, 
Amsterdam 

With many musical illustrations, 10/6 net ' 

For the first time we have a scientific report on the development of a 
musical gemus Instead of being dependent on the vaguely marvellous 
report of adoring relatives, we enter the more satisfying atmosphere of 
precise tests That Erwin is a musical gemus, nobody who reads this 
book will doubt " — Times Literary Supplement 
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PRINCIPLES OF LITERARY CRITICISM. By I /I 
Richards Lecturer at Magdalene College Cambndge. 
Stcond edition lof6 neU 

“ A mlno of reaUy mgg«tivc Idea* It ha* rtol oTi^!^nality — DoiiyNtwt 
An Important contribTrtion to the rebabilitetioQ of Enshah entiasm — 
perbapt, because of it* tustained edentlhc nature the most Important 
contribution yet made Ur Rkhatda begins with *u account of the 
present cb&os of critical theories and foliowi with an onaiycu of the 
fallacy In modem aeethetioi. The principle* enunciated are pursued with 
clear xest and consequent elnddatlon Parallel appUcation* to the 
arts of palntfog ^ sculpture and munc form the tubject of three thapters 
^—CrUtrion 

THE METAPHYSICAL FOUNDATIONS OF MODERN SCIENCE, 
with fipeaal reference to Man s Relation to Nature, By 
Profesior Edmn •! Burti 
lif net 

This book deals with a profonndlv Interesting subject the uncritical 
aasumpticAS which were made try the founders of modem physic*, and 
throuRh them became part of tns unquestioned apparatna of ordinary 
thought The critical portou of this book Is admiratde ' 
Bertratid RnsselL. In Sation He ha* given ns a history of the ori^ 
and development of what wa* until recently the mctaphysic geoeislly 
associated with the •dentific outlook. This Is what ProIesBor Bortt 
has quite admirably done — Ttme* LiUrarf SuPfItmenJ 
PHYSIQUE AND CHARACTER. By £ Kretschmer 
Jt p i a Uf isl net 

This Tolume of the steadily growing Library wiH bear comparison 
with anv of It* predecesaor* in lateuert and importance U girea 
tekntific vnMHy to much sndent doctrine and folk psychology It 
professes to be metdy a beginning but, eves so the author has estab* 
Uibcd conclodona beyond reasonable doubt, conclusions of great 

tignllkance and pregnant with poaslbUlties of almost infinite exteimon. 
— ITmA/v ir«<Wjufer His notable work foo) the relatixm between 
human form and human character — flrirtsi hltdicMl JoumaJ 

THE PSYCHOLOGY OF EMOTION Morbid and NonnaL 
By John T UacCnrdy Af D 
^sl •** 

“ Ttero ace two raasca# ia particufar for wnlcosiisg tide book. Fieri, 


distinctly a book which should be read by all interested In modem 
pajehedogy Its subject Is important and Its antbor's treatment inter 
eating — Manck/nrr Guardian A record of painstaking and original 
work In a direction that promises to illuminate some of the fundameutal 
problems of psychiatry — Lantat 


THE PSYCHOLOGY OF TIME, By Mery Stwrt M A 

' Tjb rut 

An i n tere sti ng book typical of the work of the younger psychologlstB 
of to-day The first chapter gives a deer summary of metaphysical 
views of later chapter* describe practlcsl experiments while 

the last chapter sets forth the writer’s view that time is a concept con 
stmeted by each individual The clear conase style of writing adds 
greatly to the pleamre of the reader — Joumai 0 / Educaium 
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PROBLEMS OF PERSONALITY a Volume of Essays in 
honovir oi Morton Puncc Edited by Dr A A Roback 
1 8/- net 

” Here we have collected together samples of the work of a great many 
of the leading thinkers on the subjects which may be expected to throw 
hght on the problem of Personality Some such survey is always a tre- 
mendous help in the study of any subject Taken all together, the 
book IS full of interest ” — Netv Statesman Contributors include 
G Elliot Smith, Bernard Hart, Ernest Jones, C S Myers, C G Jung, 
Pierre Janet, W McDougall, William Brown, T \V Mitchell, and 
numerous others 

THE MIND AND ITS PLACE IN NATURE By C D Broad, 
LtU D , Lecturei in Philosophy at Trimly College, Cambridge 

1 6/- net 

“ Quite the best book that Dr Broad has yet given us, and one of the most 
important contributions to philosophy made in recent times " — Times 
Literary Supplement " Full of accurate thought and useful distinctions 
and on this ground it deserves to be read by all senous students " — 
Bertrand Russell, in Nation *' One of the most important books rvhich 
have appeared for a long time a remarkable survey of the 

whole field of psychology and philosophy a piece of bnlliant 

surgery ” — Discovery 

COLOUR-BLINDNESS with a Comparison of different Methods 
of Testing Colour-Vision By Maty Colhns, M A , Ph D 
Introduction by Dr James Drever 
With a coloured plate, XijO net 

” Her book is worthy of high praise as a painstaking, honest, well- 
written endeavour, based upon extensive reading and close onginal 
mvestigation, to deal wtli colour-vision, mainly from the point of view 
of the psychologist We believe that the book wll commend itself to 
every one interested in the subject ” — Times Literary Supplement 

THE HISTORY OF MATERIALISM By F A Lange 
New edition in one volume, wth an introduction by 
Bertrand Russell, F R S 
15/- net 

" An immense and valuable work ” — Spectator "A monumental work, 
of the highest value to all who wish to know what has been said by 
advocates of Materialism, and why philosophers have in the main 
remained unconvinced Lange, while very sympathetic to matenahsm 
in its struggles with older systems, was himself by no means a matenahst 
His book IS divided into two parts, one deahng rvith the times before 
Kant, the other with Kant and his successors ” — From the Introduction 

PSYCHE the Cult of Souls and the Belief m Immortahty 
among the Greeks By Erwin Rohde 
25 1- net 

“ The production of an admirably exact and unusually readable trans- * 
lation of Rohde’s great book is an event on which all concerned are to be 
congratulated It is in the truest sense a classic, to which all future 
scholars must turn if they would learn how to see and describe the inward 
significance of pnrmtive cults "—Daily News " The translator and 
pubhshers are to be congratulated on rendermg this standard treatise 
accessible " — Adelphi 
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EDUCATIONAL PSYCHOLOGY its Problems and Methods 
By CharUs Fox MA Lecturer on Education m the Uni 
veraty of Cambndge 
lo/b nti 

A worthy addition to a series of ootstftfullng ment There ore inter 
eskng serous on heredity and on mental tests The chapter on fatigue 
is cxceUeat The bibliography ts valuable — Lantti Certainly one of 
the best b^icB of Its kind — ObttntT An extremely able brok, not 
only useful bat original — Joutnsl of Educalion 

EMOTION AND INSANITY Bv S Thalbiixer Chief of the 
Medical Staff Copenhagen Asvium Preface hy Profesior 
II Hoff ding 


7/6 mt 

^ A psychological esuy the matciia) for which is provided by a study of 
tile manlc-deprcMU'e psychos!* ft is a brief attempt to explain certain 
mental phenomena on a physlolt^cal bosu This explanation U baaed on 
three well rccognltcd phj-sioioglcal laws hatever the new taken 

of this fascinating explanation there is one plea in this book which must 
be whole beartedlv endorsed that paychiatric research abonld receive 
much more coxmderation (0 tiw effort to determine the nature of normal 
mental processes — SaIuti 


PERSONALITY By F G Gordon V D BSc MJi CF Ed 

toA ml 

The book Is. in short, a very oaefol critical discussion of the moat 
Important modeni work bearing 00 the mind body problem the whole 
knit to ge t her by a philoaophy at least as promlaiog as anyof those now 
cnrient -~-TtwuM iMmry Suffptrm*nt His excehont book. He accepts 
the important and attractive theory of Emergence — Obrrrotr ^ A 
sigoihcont contribution to the atndy of pencmallty — BriHti i/Mricaf 
Journal 

BIOLOGICAL MEMORY By Evgento Rtpiano Professor of 
Philosophy m the University of Milan Translatetl, with an 
lutroductioii by Profexsor E B MacBnde F R S 
lo/() nti 

Pro£e»or Rlgnano s book may prove to have an Important bearing 
on th whole mechanist vltaJist controversy He has endeavoured 
togive mcaningandcontenttothespedaipro^rtyof h%’inmes3 which 
•eporates the organic from the Inorganic world by idestsylng it with 
unconjcioo* memory The author works out his theory with greet 
vigour and ingenoity and the book deservoe and thould receive the 
earnest attention not only of studenta of biolojy but of ail Interetted 
in the age long proWem of the nature of life — SptetMtor 


COMPARATIVE PHILOSOPHY By Paul Masxon-Oursal 
Introduction by F G Croohhank MJ> FJRCJP 

iQt 6 nti 

The comparative chronology which he suppUea, places In parallel 
columns the contemporary p^osmihy (In each period) of the Western 
World the Middle East India ^bet Chino, and Japan Thos the 
author illnitratee bow Confucius played In China a rCle comparable with 
that of Socrates in Greek thought Ho pleads for the comparativo 

study of phUoeophy It bring* meaning into higher historical learning 
attaches human vadues to events Institntlonfl manners and ideas £1 
other words, it makes philosophy realistically humanist — Birmtnfiuim 
Ptai 
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THE LANGUAGE AND THOUGHT OF THE CHILD. By Jean 
Piaget, Lecturer at the University of Geneva Preface b} 
Professot E Claparede 
io /6 net 

“ A very interesting book Everyone interested in psychology, education, 
or the art of thought should read it Ihc results aie surpnsing, but 
perhaps the most surprising thing which this book makes clear is hou 
extraordinanly little was previously known of the w'ay in which children 
think ” — Natron “ Fills a gap in the study of the subject " — Lancet 

CRIME AND CUSTOM IN SAVAGE SOCIETY By B Mali- 
nowski, Lecturer in Anthropology m the University of 
London 

With 6 plates, 5/- net 

“ In this first-hand investigation into the social structure of a pnmiti\e 
community Dr Malinowski has broken new ground It is probably no 
exaggeration to say that the book is the most important contiibution to 
anthropology that has appeared for many years past Its effects arc 
bound to be far reaching It is wntten bv an anthropologist fo. 

anthropologists, but it should be read bj all who have to deal ^vlth 
pnmitive peoples and by all w'ho arc interested in human nature as 
mamfested in social relationships, which is to say that it should be read 
by eveiamnc " — Oiiilooh 

PSYCHOLOGY AND ETHNOLOGY By W H R Rivers, M D , 
Litt D , F R S Preface bv G Elliot Smith, F R S 
15/- vet 

This volume contains four studies, mainly psychological, on Sociology’’ and 
Psychology, on Freud's Concept of the ‘ Censor,’ on the Pnmitive Con- 
ception of Death, and on Intellectual Concentration in Pnmitive klan , 
three psycho-medical studies, on Marnage in Melanesia, Circumcision, 
Sexual Relations in Eddj^stone Island , essays on the Diffusion 
Hypothesis from a cultural, histoncal, and psychological point of view , 
and two essays. Trade, Warfare, Slavery, and The Contact of Peoples 

THEORETICAL BIOLOGY By J von Vexkitll 

18/- net 

A senous attempt by a weU-known German zoologist to extend the 
doctnnes of Kant’s philosophy into the realm of biological thought The 
biologist forgets that there is no such thing as the ‘ absolute sjiace ’ of the 
physicist Nor does physics recognize the conformity ^vlth plan m 
Nature which biology must regard as the basic pnnciple of Me This has 
led to much wrong thinking, in particular the matenahstic teaching of the 
extreme! Darwimans From this standpoint the author reconsiders the 
whole problem of modem biology 

READY SHORTLY 

THOUGHT AND THE BRAIN By HemiPieron,PvoiQSSor 

the CoUfege de France Translated by C K Ogden, M A 

About 10/6 net 

A very thorough investigation of the physiology of the bram and its 
relations to the mind and thinking Among the subjects discussed may be 
mentioned The Problem of Locahzation , Mental Functionmg and the 
Bram , Visual, Sensory, and Indirect Reception , Verbal Function and 
Thought , Aphasia , Liberation of Energry and Interest , Data of 
Affective Pathology , etc 
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REUGIOUS CONVERSIOK a Bio-PsychoIogical Study By 
Sante de Sanctis Professor of Psychology in the University 
of Rome. 

Ahoui 10/6 rut 

An importut book by tb« distlDStii*bed p ro faw or After an 

intiodnctory aketcb of tbe tcope and metboda of contemporary rtUgkma 
piycbcdogy he the problem of Conveiaion from many afp«:t* 

m chapter! dealing with Caosei Type* and Piocuaej of Convet^m 
SabUmatiQn Alter the ConvenioD the Pathological Theory in 
Rehgloni Prycholo^ and the Pro^ctabUlty of Converslona, 

SEX AND REPRESSION IN SAVAGE SOCIETY Bv 
B Maltnowskt 

About 7/6 rut. 

Dr MahtKmki it the ftrtt onthropologttt to apply the poychoonalytic 
method to the observation of primrave racej Endowed with exceptional 
Hngolatic abllltiet he wot abte to atndy Mdonedan Insnlar cornmno-tiet 
through tho roedlum of their own longuge m mtunste contnet over a 
long period In tbl* volume be analyick the cotxtitnbon of tho family 
and aewaibea the Wo of a typical Mdonetian matriarchal community, 
comparing It with our own patriarchal toaetici The tecond port ol 
the book dealt with complexes In Melanciian myth* dreamt obtoene 
UngUAgp and mental dieordort 

SOCIAL UEE IN THE ANIMAL WORLD By Professor 
Alvcrdes 
Abcitt to/6 not 

A tummary of all the informatian available tefording animal aooology 
dfoliog not onl? with herd life with the relations between mat^ aiitm>1| 
and with the fosslly bat alto with the featnret that develop In a group 
(Dcb as order of precedence, means of commonication, mutnol asslxtance 
etc Mnch light it thrown on the connexion ol the herd and the family 
the compamtive froquetoy of moDogamT polygyny polyandry and 
promltcuity and the partt played by tnuilti^ and imitation But the 
author's greatest ochfevement It hit encceot in tbowlng the importance 
oi the study od ■•nimsl socltiogy for the study of human problem* 

THE PSYCHOLOGY OF CHARACTER. By Br ^ X RoiacA 

About 15 / rui 

The contents ioclnde The Literary Cbaractarologisti The Course of the 
Hnmoral Doctrine Study of Temperament in the XDC Cmtury 
Contemporary Views The Applied P*ycbolO|y cd Tempetament 
P ic i ■ r cr b lfll Lore and Inip‘jatiotud Lrierature DofimngTenns asosifica 
tion of Character* Social Ecoaomlc Treatment ofCharocter British 
Wnter* the French Schools the Teutonic Schools Other Dantinimtal 
Studies Soggeiticm* from Psychiatry The Psychoanalytic Approach, 

THE LAWS OF FEELING BvPro/«*prB PaulMan 

Aboni 10/6 tut 

This work, which ha* exercised a powerful influence on contemporary 
French psychology. Is at last to be made avollablo for KngUsh readero. 
Profeosor Paiilhan‘'s greatest contribution, tho treatment of Intelligence 
Feeling and Will at aspects of one mental pro ces s rather t>i«n os separate 
focnltra is now nnlTersslly accepted by psychcdoglsts 
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IN PREPARATION 

THE ANALYSIS OF iMAl TER by BERTRAND RHSSEl.L, 1' R S 
THE FOUNDATIONS OF MATHEMATICS by F P RAMSEY 
EMOTIONAL EXPRESSION IN BIRDS by T B KIRKMAN 

THE PSYCHOLOGY OF INSECTS by] G MYERS 

STATISTICAL METHOD IN ECONOMICS by P S FLORENCE 

THE PRIMITIVE MIND by P R\DIN, Ph D 

COLOUR-HARiMONY by JAMES WOOD 

THE THEORY OF HEARING by H HARTRIDGE, D Sc 

SUPERNORiMAL PHYSICAL PHENOMENA by E J DINGWALL 
GFSTALT by K KOFFILA 

INTEGRATIVE ACTION OF THE MIND by E MILLER, M D 
PLATO'S THEORY OF KNOWLEDGE by F M CORNFORD 

PARALOGISMS OF RATIONALISM bv LOUIS ROUGIER 

PRINCIPLES OF PSYCHOPATHOLOGY by Wm BROW N, M D ,D Sc 
THEORY OF MEDICAL DIAGNOSIS by F G CROOKSHANK, M D 
LANGUAGE AS SYMBOL AND AS EXPRESSION by E SAPIR 
PSYCHOLOGY OF KINSHIP by B MALINOWSKI D Sc 

A HISTORA" Ot MODERN PSYCHOLOGY b) G MURPHA" 
A HISTORY OF ETHICAL THEORY by M GINSBERG, D Lit 
SOCIAL PHILOSOPHY bv M GINSBERG, D Lit 

THE PHILOSOPHY OF LAW by A L GOODHART 

THE EFFECTS OF MUSIC by MAX SCHOEN 

PSYCHOLOGY OF MUSICAL GENIUS by G REVESZ 

MODERN THEORIES OF PERCEPTION by W^ J H SPROTT 
THE BEHAVIOURIST AIOVELIENT by A A ROBACK 

SCOPE AND VALUE OF ECONOMICS by BARABRA W^OOTTON 
MATHEMATICS FOR PHILOSOPHERS by G H HARDY, F R S 
PHILOSOPHY OF THE UNCONSCIOUS byB VON HARTMANN 
THE PSYCHOLOGY OF MYTHS by G ELLIOT SMITH, F R S 
THE PSYCHOLOGY OF MUSIC by EDWARD J_ DENT 

PSYCHOLOGY OF PRIMITIVE PEOPLES by B MALINOW^skl,D Sc . 
DEVELOPMENT OF CHINESE YHOUGHt'SVlIANG CHE CHIAO 
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